QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-01 !H-NMR 


The signal for OH in ЇН NMR of benzyl alcohol in a 60 MHz NMR Instrument was found to be 
at 144 Hz higher frequency than TMS. Calculate the chemical shift of -OH proton in ppm. 


(a) 2.4 (b) 2.5 (c) 2.3 (d) 3 

The signal for -CH, protons in the l f benzyl alcohol in a 300 MHz NMR Instrument 
was found to be at 4.6 ppm. Сајей e difference in frequency, expressed in Hz, between this 
and TMS signal. 

(a) 300 Hz (b) 3000 Hz (c) 1380 Hz (d) 1300 Hz 


Consider the same data given in previous question. What would have been the chemical shift of 
each signal if a 250 — MHzjinsuument has been used? 


(a) No effect on chemical shift (b) Chemical shift will increase 
(c) Chemical shift will decrease (d) None of these 


The 250 MHz 'H NMR spectrum of methyllithium shows a signal at 525 upfield of TMS. What 
is the chemical shift? 


(a) 2.10 ppm (b) -2.10 ppm (c) Both (a) and (b) (d) 3.0 ppm 
What field strength is needed to generate a 250 MHz !H spectrum? 
(a) 1.41 T (b) 1.26 T (c) 5.87 T (d) None of these 


What is the position of the methyl signal in (Hz) oftoluene down field to MTS? (Given operating 
frequency 250 MHz) 


(a) 250 Hz (b) 586 Hz (c) -600 Hz (d) 700 Hz 


A proton has resonance 90 Hz downfield from TMS when field strength is 1.41 Tesla (14, 100 
Gauss) and the oscillator frequency is 60 MHz. 


What will be its shift in Hertz if the field strength is increased to 2.82 Tesla and the oscillator 
frequency to 120 MHz. 


(a) 120 Hz (b) 90 Hz (c) 180 Hz (d) 200 Hz 
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DPP-(01) / ‘H-NMR 
For a certain magnetic field strength, a free proton spin transistion occurs at 700 MHz. Keeping 
the magnetic field strength constant the !^N Nucleus will resonate at (g(p) = 5.6 and (!^N = 
0.4). 
(a) 700 MHz (b) 400 MHz (c) 200 MHz (d) 50 MHz 


The g-factors of ЇН and PC are 5.6 and 1.4 respectively. For the same value of the magnetic field 
strength, if the ІН resonates at 600 MHz, (ће !?C would resonate at 


(a) 2400 MHz (b) 600 MHz (c) 150 Hz (d) 38 MHz 
Which of the following nuclei have lowest sensitivity in NMR experiment? 
(a) 'H (b) "В (c) BC (d) ?F 


A peak in a proton NMR spectrum is located at 1.5 ppm from the refrence TMS on a 400 MHz 
NMR spectrometer. If the refrence is set to 0 ppm, what is the separation of the peak from 
refrence as calculated in Hz scale? 


(a) 800 Hz (b) 600 Hz (c) 500 Hz (d) 400 Hz 


Calculate the chemical shifts of the two (2 units) toluene signals obtained at 180 Hz and 578 Hz 
using the 80 MHz data? 


(a) 7.65, 2.7 (b) 2.35, 7.23 4499 вон (a)and(b) (d) None of these 
Arrange the following atoms from most electronegative to least H, Li, C, Si. 

(a C»H»Si»Li (D С> 51> Н> Li 

(c) Н> С> $і> Li (d) Li > Si» C XH 


Arrange the following underlined hydrogens from most deshielded to least 
H,C - H, HC — Li, H,C - С/ НС Si 

(a) H,C -H> HC - Li» H,C-€ * H«C - Si 

(b) HC -C > H,C-H > Н,С - Si > H;C—Li 

(c) H,C-Li> HC - H > HC - C > HC- Si 

(d) HC - Si» H,C—H>H,C-C>H,C-Li 


Paramagnetic shielding cause a nucleus to process at 


(a) Higher frequency (b) Lower frequency 
(c) Same frequency (d) None of these 
XXXXX 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


ANSWERS 


1. (a) 7. (с) 13. (a) 
2. (с) 8. (а) 14. (b) 
З. (а) 9 15. (a) 
4. (b) 0. (c) 
5. (c) 11. (b) 
6. (b) 12. (a) 


HINT & SOLUTIONS 
(a) 


ó(Chemical shift) = = = 2.4 ppm. 


(c) 


Av 
Frequency of Instrument in MHz 


Chemical shift(6) = 


Av 
4.6 ppm = ————— 
= 300 MHz 

(4.6 x 300) = Av 

Av = 1380 Hz. 
(a) 
Exactly the same no effect on chemical shift. 
(b) 


A signal upfield of TMS has a negative dv because chemical shift of refrence is greater than 
chemical shift of sample, so its 6 value will also have a negative value; 
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DPP-(01) / !H-NMR 


8(CH,Li) = W 
Frequency of Instrument 
дд ош. п = —2.10 ppm. 
250 MHz 
(c) 
(b) 
8- Av 
Frequency of Instrument 
ee ee 
250 MHz 
dv = 586 Hz. 
(с) 
When we change operating —_ an will remain same. 


Shift ~ 
Frequency of Instrument 


So, Chemical shift = 


_ 90Hz 
60 MHz } 
ô= 1.5 ppm 
poss Shift 
Frequency of Instrument 
Shift 
1.5 ppm = ———— — 
d 120 MHz 
Shift 2 180 Hz. 
(d) 
700MHz _ 5.6 
4N 0.4 
14N = 50 MHz. 
(с) 
600 _ 5.6 
BC 1.4 
= PC will resonates at 150 Hz. 
(c) 
b 
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Sol. 
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Sol. 


DPP-(01) / 1Н-ММ А 


1.5 ppm = Shift (Hz) 
400 MHz 
Shift (Hz) = 600 Hz. 
(a) 
ee Shift 
upfield Frequency of Instrument 
188 Hz 
= =2.35 m 
80 MHz d 
тирем = 10 — upre = 10 2.35 = 7.65 
Shift 578 Hz 
downfield ^ Frequency of Instrument 80 MHz kE 
Taosntieia = 10 — Sgowntieia = 10 — 7.23 = 2.7. 
(a) ” 
CQ.5) > H(2.1) > Si(1.8) > Lia 
(b) 


C(2. 5) > H(2.1) > Si(1.8) > Li(1.0) 
H,C-C>H,C-H > Н.С 51р ЕС - Li. 
(a) у 
The type of shielding and’ deshielding is a consequence of the isotropic (spherically symmetric 
distribution of paired electrons and is referred to as diamagnetic shielding. 
In the case of heavier atoms there can also besa non-symmetrical anisotropic) distribution of 
valence electrons, and circulation of these electrons in a magnetic field gives rise to an induced 
field aligned with the external field. This is called paramagnetic shielding. 
В, is aligned with В, then В. will equal B, + B,. This layer net field will cause the nucleus to 
process at a higher frequency. Thus, paramagnetic "shielding" in a sense, deshields nearby nuclei, 
that is, causes them to process at a higher frequency. 

XXXX 
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QUANTA CHEMISTRY 
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DPP-02 !H-NMR 


Calculate number of 'H NMR signals in 


(a) 8 (b) 9 | (с) 10 (а) 11 


Calculate number of 'H NMR signal in Ky 


(a) 1 (5 7 (c) 3 (d)4 


ia 
Calculate number of 'H NMR signal in 5 5 N 
N 


(a) 1 (b) 2 (c) 3 (d)4 


Calculate the number of 'H NMR signal in 


O 
(a) 10 (b) 11 (c) 12 (d) 13 
Calculate the number of 'H NMR signal in ` 
/ 
H 
(a) 10 (b) 11 (c) 12 (d) 13 
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11. 


12. 


13. 


Calculate number of 'H NMR signals in 


(a) 10 (b) 11 (c) 12 


Calculate number of 'H signal in 


(a) 9 (b) 10 (c) 11 
Calculate number of 'H NMR signal in 


H H 


2 
TANE —CH; p" 
H О | 
(a) 4 (b) 5 (c) 6 
O 
Number of 'H NMR signal inf f" TON 
AACH; 
(a) 3 (b) 4 (c) 5 
Number of 'H NMR signal in cyclohexane 
(a) 1 (b) 2 (c) 6 
H H 
Calculate number of 'H NMR signal in X 
CÇ] 
(a) 1 (b) 2 (c) 3 
H H 
Number of 'H NMR signal in UN 
F CI 
(a) 1 (b) 2 (c) 3 


HOOC™ у” COOH 
Number of 'H NMR signals present in 


(a) 1 (b) 2 (c) 3 


DPP-(02) / !H-NMR 


(d) 13 


(d) 12 


(d) 7 


(d) 6 


(d) 5 


(d) 4 


(d) 4 


(d)4 
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15. 


DPP-(02) / !H-NMR 


HO u OH 
Number of 'H NMR signal in H 
OH 
(a) 2 (b) 3 (c) 4 (d) 5 
ноос“ qe, ` COOH 
Total number of 'H NMR signal in на СООН 
(a) 5 (b) 6 (с) 7 (d) 8 
XXXXX 
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QUANTA CHEMISTRY 
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ANSWERS 


1. (c) 6. (c) 11. (a) 
2. (b 7. (a) 12. (a) 
3. (a) p 13. (d) 
4. (a) 9. (b) 14. (d) 
3. (a) 10. (b) 15. (a) 
HINT & SOLUTIONS 
(c) 
Hg 
Н» Н, 
Н; СИ Hy 
Н; Н, 
Н; 
(b) 
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Sol. А Only 1 signal іп 'H NMR spectrum. 


Sol. 


Sol. 


Sol. 
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Sol. 
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Sol. 


DPP-(02) / !H-NMR 


(c) 

T E Sea 
НС 2 Е 
6 но 
(6) 

о н, 
cio он, 

4 Н, d 
(b) 
H, 


Number of signal = 2 


(a) 
н H p" 
ms | 


С, axis is present. Both proton are homotopic protons. 


(a) 
H H 

x Д 
E 


These protons are enantiotopic protons and enantiotopic protons are not differentiate by NMR. 
So, only one signal will obtain in 'H NMR spectrum. 


(d) 


COOH, È COOH, 
Hò OH 


H, and H, are diastereotopic protons and gives different signal in 'H NMR spectrum. 


(d) 


H,, Hp Ha 


KA =H 
HOOC 3 COOH, 
OH, COOH, 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-03 !H-NMR 


H, 
Calculate total number of ЇН NMR signal in H43C-C fens 


(a) 1 (b) 2 c)3 (d) 4 
Calculate number of 'H NMR si Ж 


(a) 1 (b) 2 (c) 3 (d) 4 
Cl 
Calculate number of 'H NMR signal in 
(a) 1 (b) 2 (c) 3 (d) 4 
Cl CI 


Number of 'H NMR signal in 


(a) 1 (b) 2 (c) 3 (d) 4 


Cl 
Calculate number of 'H NMR signal in 


(a) 2 (b) 4 (c) 5 (d) 6 
Calculate number of 'H NMR signal in £d 

O O 
(a) 2 (b) 4 (c) 6 (d) 8 
Calculate number of 'H NMR signal in nu 
(a) 1 (b) 2 (c) 3 (d) 4 
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DPP-(03) / ‘H-NMR 


Calculate number of 'H NMR signal in <> 


(a) 1 (b) 2 (c) 3 (d) 4 
Calculate number of 'H NMR signal in alanine 
(a) 2 (b) 3 (c) 4 (d) 5 
Number of 'H NMR signal in adenine 
(a) 2 (b) 3 (c) 4 (d) 5 
Number of 'H NMM signal in phenylalanine 
(a) 4 (b) 5 (c) 6 (d) 7 
Calculate total number of 'H NMR signal in 

o i n J 

Жз. S 

4 OH 

(a) 4 (b) 5 (c) 6 (d) 3 


How many different sets of protons do the following molecule contains? (count diastereotopic 


protons as non equivalent). 
OH p" 


Í BS OH 
+ 
N Z 
H OH 
СН; } 
(a) 6 (b) 7 (c) 5 (d) 8 


How many different sets of protons do the molecule contam? (count diastereotopic protons as 
non-equivalent) 
O 


СН; 
(а) 6 (b) 7 (с) 8 (а) 9 
How many sets of protons do the following molecule contain? Count diastereotopic protons as 
non-equivalent). 


Ө со; _ 
те 
OH 
(а) 2 (b) 3 (c)4 (d) 5 


XXXXX 
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ANSWERS 


6. (b) 
7. (b) 


É (b) 


10. (c) 


HINT & SOLUTIONS 


1. (b) 
2. (b) 
3. (с) 
4. (c) 
5. (c) 
(b) 

a 

Н» а 
H4C-C p pH 

O 
(b) 

H, 
DEN 
H, H, 
(c) 

СІ 
H H 
Hy Hy 


11. (4) 
12. (b) 
13. (d) 
14. (c) 
15. (d) 


DPP-(03) / !H-NMR 
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DPP-(03) / !H-NMR 


(c) 
CI CI 
А 
Н, 
(с) 
н а 
DE 
Hp Ha 
(b) 
He, Ha 
H, Ha 
Hg Hp 
O O p" 
(b) 


H, 

H, H, 
Hy Hp 
H, 

(b) 
H, ‚СН; 
o ys 
NH; 
О 
(с) 
CH3, 
N N 
N 
о 
| N^ `Ha 
He 
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DPP-(03) / !H-NMR 


11. 
Sol. 
Number of 'H NMR signal = 7 
12. (b) 
O O equivalent 
abso RI e. (enantiotopic) 
Sol. | anos ань 
ОЎ He He OHa 
Total number of 'H NMR signal = 3 
13. (d) 
Sol. 
Ll 
14. 
Sol. 
CH; 
d 
Number of 'H NMR signal = 8 
15. (d) 
= СО» 
OC zio 
Sol. 7) "Ha 
HO, Ha Hp 


Number of signals = 5 


XXXXX 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP- 04 


Find the possible structure 
Molecular weight 102 

'H NMR data 

6H (d), 1 ppm 

1H (septet), 4.5 ppm 

3H (singlet), 2.1 ppm 


O 
| 
(a) | CH—C—OCH; 
H3C y 
O 
ub NI 
(c) НО-С—С CH 
СН» 


Find the possible structure 
Molecular weight 132 

1H (d), 7.5 ppm 

5H (m), 7.4 ppm 

1H (d), 9.6 ppm 

1H (dd), 6.6 ppm 


it 
(а) Ph-C-C=CH, 
H 


1H-NMR 


(d) CH,CH,GH,COOH 


=O 


(D сн 
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DPP-(04) / !H-NMR 


О 
I 
(c) Ph-C2C-C-H (d) Both b and c 
HH 


Find the possible structure 
Molecular weight 120 
5H (m), 7.8 ppm 
2H (d), 2.8 ppm 
1H (t), 9.8 ppm 
O CHO 


= [ || 
зеке C-CH; CH,—C—OH 


(a) O (b) (c) (d) O 
CH; 


Find the possible structure 


Molecular weight m/z 9 
198 1 ‚ 


200 2 

202 

'H NMR 

2H (singlet), 4.2 ppm А 

ІН (d), 5.6 ppm 

ІН (d), 6.0 ppm 

(а) СН, = C(Br) — СН (Вг) (b) CH, = ее) сн (сі) 
(c) CH, = CH - CH (Br,) (d) Both a and b 
Find the possible structure 

Molecular weight 70 

1H (d), 9.8 ppm 

1H (dd), 6.2 ppm 

1H (m), 6.9 ppm 

3H (d), 2.05 ppm 


ү О 
(a) н,с=С-С-н (b) H,C-C-C-C-H 
CH; H H 
H3C 
(C=CH, 0 
(c) H-C (d) H,C-C-C-CH, 


0 
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Find the possible structure 
3.5 ppm (singlet) 
1.0 ppm (singlet) 


(с) 
О 


Find the possible structure 
Molecular formula С „Н.О, 
4H (s), 8.0 ppm 

4H (q), 4.2 ppm 

6H (t), 1.0 ppm 

IR Data 1760 ст! 


OCOCjH; 
$ 
(a) 
OCOC,H; 
OCOC,H; 
OCOC;H 


Find the possible structure 
Molecular formula : C,,H,,O, 
4H (s), 8.0 ppm 

4H (q), 4.2 ppm 

6H (t), 1.0 ppm 

IR data : 1700 cm'! 


DPP-(04) / ‘H-NMR 


Integration area, 4.09 
Integration area, 3.97 


O 


p" 


COOCH; 


(b) 
COOC,H; 


COOC)H; 


COOC,H 
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10. 


11. 


DPP-(04) / !H-NMR 


OCOCH; COOCH; 
(a) (b) 
OCOCH; COOCH; 
OCOCH; COOC>H; 
OCOC,H; COOC;H; 
(c) (d) 


Predict the name of multiplets of the protons 
COCI 


Hy СІ 
СІ 
(а) Н: doublet, HI doublet, H, : "" 
(b) H, : doublet of doublet, H, : doublet of doublet, H: doublet of doublet 
(c) H, : doublet, Н, : doublet of doublet, H. : doublet 
(d) H, : doublet of doublet, Н, : doublet, Н, : doublet 
Find the possible structure } 
3.9 (5, 3Н) 
3.3 (t, 2H) 
2.25 (t, 2H) 
1.85 — 1.75 (m, 2H) 
1.73 — 1.62 (m, 2H) 


O O 


(a) ea T., (b) BRA Д 


O Br О 


On Age ee СО. eee 


Find the possible structure 
'H NMR (400 MHz).  — 
7.38 (d) 

7.25 (d) 

1.2 (s) 
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12. 


13. 


14. 


15. 


DPP-(04) / 1Н-ММ А 


Br CH; Br 
Br 
(a) | (b) (c) (d) 
Br H 


Identify the organic molecule which contains 66.61 carbon, 11.1% hydrogen. In infra-red spec- 
trum of the molecule, bands are observed at 2941 — 2857 and 1640 cm in proton NMR, three 
signals appeared at: 


(1) 7.52 (q, 2H) (it) 7.88 (S, 3H) (ш) 8.93 (t, 3H) in ppm scale. 
(a) Ethyl methyl ketone (b) 2-Butanol 
(c) 1-Butanaldehyde (d) None of these 


Predict the multiplicities for hydrogen on C,, C, and C, of butanone associating with the spin- 


spin coupling in its 'H NMR spectru 

(a) H's on C, : Singlet ; H's on » V on €, : Triplet 

(b) Н» on C, : Singlet ; H's on C, : Triplet ; H's on C, : Quartet 

(c) H’s on C, : Singlet ; H's on C. : Quartet ; H’s on C, : Triplet 

(d) H's on C, : Triplet ; H's on C, : Doublet ; H's on C, : Triplet 

An organic compound has p following spectroscopic properties : Mass spectrometry : m/z 102 
(very small), 87 and 43 are the largest ions : s 1.4 & 3.9 ppm (both singlet, intensity ratio 3 : 2); 


Infrared spectroscopy : several strong absorption’s inthe 1000 to 1300 cm ! region. Which of the 
following is the most likely formula of the compound. 


О О 
mE O ~ 0— 
(a) CX (b) 2 (c) ex «y DS 


A compound of formula C H, gives one signal in the 'H NMR and two signals in the "C NMR 


spectra the compound is 


12 


(a) pentane (b) 2-Methylbutane 
(c) 2, 2-dimethylpropane (d) Cannot tell without more information 
XXXXX 
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Sol. 


Sol. 


1. (b) 6. (b) 
2. (b) 7. (b) 
3. (с) S 
4. (c) 9. ) 
5. (c) 10. (c) 
HINT & SOLUTIONS 

(b) 
Іррт 
не. || 2.1 ppm 

CH—0-C-CH; 

//4.5 ppm 
H3C 
Іррт 
(с) 

| 

Ph-C—C-C-H 

H H 


1H (d), 9.6 ppm — This 'H NMR data is for aldehyde proton. 
5H (m), 7.4 ppm — Only one substituent is present on benzene ring. 
O 
7.5 ppm || 
i es PL 
H 9.6 ppm 
6.6 ppm 


7.4 ppm 


11. (d) 
12. (b) 
13. (d) 
14. (c) 
15. (d) 
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3; (а) 

Sol 5H (т) – [Benzene ring is mono substituted] 
1H (t), 9.8 ppm [Proton is aldehyde proton] 
2H(d), 2.8 ppm 

x 
CH )— CHO 
1H(t), 9.8 ppm 
5H(m), 7.8 ppm 
4. (а) 
(а, 6.0 ppm) Br Br 
H, E | Н, 
Sol AC CcC-—Br 
OF H (S, 4.2 ppm) 
(d, 5.6 ppm) 
Two isotopic peak is obtained in - SO 
2 Br is present in the structures — 
Singlet for 2H is present in option (a). 
5. (b) 
i 
Sol. H4C—C-—C-—C-— 
(42000 Н H (d, 9.8 ppm) 
(m, 6.9) (dd, 6.2) 
6. (d) 
OMe 
Bol. д. 
OMe 
OMe (3.5, s) 
(5,1 кү ын (S, 1 ppm) 
“3.5, s) 
7: (а) 
| H 
O-C-C -CH, 
H Hc 
c 
He 
He H, 
O-C-C -CH, 
Sol. Iba 


DPP-(04) / !H-NMR 
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Sol. 


11. 


Sol. 


DPP-(04) / !H-NMR 
6 H of 2 CH, group gives triplet at 1.0 ppm 
4H of 2 – CH, group gives quartet at 4.2 ppm 
4H of benzene gives singles at 8.0 ppm 


IR data 1760 cm represent increase in stretching frequency of ester it can be possible it is possible 
oxygen is in cross conjugation. 


(b) 


COOCH; 


COOCH; 


6H of 2CH, group gives triplet at 1.0 ppm 
4H of 2-CH, groups gives quartet at 4.2 ppm 
4H of benzene gives singlet at 8.0 ppm 


| p" 
C-OCH,CH; 


үа Ł 
O 


IR data 1700 cm~“ represent decrease in stretching frequency of ester, it is possible if -C = 0 is directly 
attach to benzene ring from oxygen and benzene electron density will increase on carbon and more single 
bond character exist between carbon and oxygen. So, force constant decreases and stretching frequency 
of ester also decreases. 


(d) 
(c) 
(1.73 -1.62) О 
m 


AAA 
Br OCH; 


(185. T 3:9) (s, 3.9) 
(a) 
Br 
H; H, 
2H, (4) = 7.25 
Hy Њ — 2H,(d)-7.38 


cH3C7~ CH, CH3¢ 


(Singlet, 1.2 ppm) 
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12. 


Sol. 


13. 


Sol. 


14. 


Sol. 


15. 


Sol. 


DPP-(04) / ‘H-NMR 
(d) 
(a) For ethyl methyl ketone 
O 


pe 


'H NMR data for ethyl methyl ketone 

(1) 2.1 (ЗН, s) 

(it) 2.6 (2H, q) 

(ш) 1.2 (3H, t) 

This data does not match with the data given in question 
(b) 2-Butanol show 5 'H NMR signal. 


OH 


But in question only data for 3 'H NMR signal is given. 
For option (c) 
1-Butanaldehyde 


p. |, 
Singlet of 'H is present but in given data singlet for ЇН is not given. 


So, option d is correct answer. 


(с) 


Н” on С, : Singlet; H’s on C, : Quartet у Н”зтоп C, : triplet 
(a) 


А Н 
Singlet for 4- О) „СН; | Singlet for 6- 
hydrogen H X hydrogen 
at 3.9 ppm |ң о CHs) at 1.4 ppm 
H 

(с) 

н 
HEC OE 

CH; 


Shows only singlet in'H NMR spectrum and two chemically non-equivalent carbons are present 
so two signal in "C NMR. 


XXXXX 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-05 !H-NMR 


A freshly purified and distilled sample, or a previously unopened commercial bottle of methanol 
shows 


(a) a quartet and doublet (b) Singlet 
(c) Triplet and quartet (d) doublet 
What will be the spin multiplicity Am protons in aqueous solution of alcohol 
CH 
3 H, 
Ihe © —OH 
СН; 
(a) singlet (b) triplet (c) quartet (d) doublet 
What will be the spin multiplicity of underline protons of alcohols in DMSO solvent 
CH 
3 H, 
HESTI —O—H 
СН; 
(a) singlet (b) doublet (c) triplet (d) quartet 


At room temperature, the number of signal resonances observed in the 'H NMR spectrum of 
Me,CCONMe, (N, N-Dimethyl pivalamide) is 

(a) 3 (b) 4 (c) 5 (d) 2 

Which of the following compounds is expected to show a sharp singlet for one of its proton at 6 
> 8 ppm in 'H NMR spectrum, given that this signal remains unaffected on shaking the solution 
throughly with DO. 

(a) CH,COOH (b CH,CONHCH, (c) H-CH 
An organic compound with molecular formula C,H,Cl, exhibits only one signal іп 'H NMR 
spectrum. The compound is 


C= CH (d) H- C,H „CHO 


13 6 13 


(а) 2, 2-dichloropropane (b) 1, 2-dichloropropane 
(c) 1, 3-dichloropropane (d) 1, 1-dichloropropane 
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10. 


11. 


12. 


DPP-(05) / 1Н-ММ А 


Compound A and B exhibits, two singlets, each in their 'H NMR spectra. The expected chemical 


shift are 


О. „Ме 
ОМе 
(A) JE ХХ Ü В", 
О 
Ме 


О 


(а) 6.9 and 2.1 for A; 7.7 and 3.9 for B (b) 7.7 and 3.9 for A ; 6.9 and 2.1 for B 
(c) 6.9 and 3.9 for A ; 7.7 and 1.2 for B (d) 7.7 and 2.1 for A ; 6.9 and 3.9 for B 


The 'H NMR spectrum of a dilute solution of a mixture of acetone and dichloromethane in 
CDCI, exhibits two singlets of 1 : 1 intensity molar ratio of acetone to dichloromethane in the 
solution is 


(а) 3:1 (b) 1:3 (6122 (d) 1:2 
eel 
H4C-C-C—C-CH, Show ӧ T" 
H 
р q r S 


(a) 8.03 43) 44 787 
(b) 1.97 14.3 5.6 po 
(с) 2.13 143 5.6 497 
(d) 7.87 43) 44 "uM 


In the 'H-NMR spectrum recorded at 290 К amorganic compound (C,H NO) exhibited signals at 
6 7.8 (1H, s), 2.8 (3H, s) annd 2.6 (3H; s) the compound is 


О H Me, Jl. NH 
@) Д (5 Me. A 


N Me 
H^ ~NMe, №2 “мме, © | D yee 


'H NMR spectrum of a mixture of benzene and acetonitrile shows two singlets of equal integra- 
tion. The molar ratio of benzene : acetonitrile is 


(a) 1:1 (b) 2:1 (c) 1:2 (d) 6:1 
Which of the following compounds would give 'H NMR spectrum shown below 


(a) CH,CH(CH,)CH,X (b) CH,C(CH,),CH,CH,X 
(c) CH,CH,(CH,)CH,X (d) CH,CH,CH(CH,)X 
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DPP-(05) / 1Н-ММ А 


Reaction of styrene (PhCH = CH.) with HBr gives a mixture of regioisomers A (major) and B 
(minor). The 'H NMR spectrum of the mixture shows four signals, amongst others, at 6 5.17, 
3.53, 3.15 and 2.00 pm with relative integration of 2 : 1 : 1 : 6, respectively. The molar ratio of A 
and B is 


(а) 3:2 (b) 4:1 (c) 2:1 (d) 3:1 
Structure of compound displaying following charactistics spectral data 
IR : 1720 cnr! 


'H NMR : 62 (brs, 1H), 5.5 (br, s, 1H), 4.2 (q, 2H), 2.0 (s, 3H) 1.1 (t, 3H) is 


O O O um 
@ ДД w 2 MES xd an Y (d) M v 


In proton NMR spectroscopy, H-bonding results in 
(a) Shielding effect. (b) Deshielding effect (c) Peak splitting (d) All 
In NMR spectroscopy, the product of the nuclear ‘g’ factor (е), the nuclear magneton (В) and 


magnetic field strength (B,) gives the 
(a) energy of transistion from œ P m (b) chemical shift 
(c) spin-spin coupling const (d) magnetogyric ratio 
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DPP-(05) / ‘H-NMR 


Sol. 


Sol. 


© 


QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


ANSWERS 


1. (a) 7. (а) 13. Ф) 
2. (а) 8. (с) 14. Ф) 
5 (b) 9. p 15. (b) 
4. (a) 10. (a) 16. (a) 
5. (d) 11. (с) 

б. (а) l2. (a) 

HINT & SOLUTIONS 
(a) 


In ultrapure alcohol, -CH — OH coupling is observed. A freshly purified and distilled sample, or 
a previously unopened commercial bottle show — OH coupling» But in methanol if some water is 
present the rapid exchange of proton of alcohol takes place and -CH — OH coupling do not 
occur. 


CH, — OH 
4 4 
doublet quartet 
(a) 
CH 
3 н, 
H4C—C-——C —OH +H,O 
| | so< 
CH; 


rapid exchange 
of proton 


—O-H proton do not participate in coupling because rapid exchange decouples this interation. 
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DPP-(05) / 1Н-ММ А 


-CH - OH + H,O <= -CH - OH + H,O 
No coupling if 


exchange is rapid 


3. (b) doublet 


| H 
H3C—C—C —O-HW"O=8. 
Sol. CH, | СН; 
doublet 


No exchange of proton takesplace because of hydrogen bonding. 


4. (a) 
CH 
| | | A y Ms 
Sul. Hee exe BR. 
СН; Ме 
Сн) " lies in environment of O° 
h 
it means 6, < 6,. 
Hence 3 signal will obtain in ЇН NMR spectrum. 
5. (d) 
(a) 
i 
CH3;—C—CH3 
Sol. Cl 
singlet ^ singlet 
7 (а) 
6.9 73 
6.9 Hy 13 Hy O 
Hy Mr icon Hy OMe 
pia О MeO am 
O H, 3.9 H, 
Me 6.9 
2.1 Hp O H 77 
Sol. 6.9 7.7 
(А) (В) 
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DPP-(05) / !H-NMR 


8 (c) 
i 
Sol. H3;C—C-—CH, CH,Cl, 
6H 2H 
6:2 
312 


If molar ratio of acetone to dichloromethane is 1 : 1 the two singlet intensity ratio is 3 : 2. 
But if molar ratio is 1 : 3 then two singlets intensity ratio is 1 : 1. 


i 
H4C—C-CH5 3CH>Cl, 
6H 6H 


6:6 
9. ч p" 


_-» more deshielded 6 = 14.3 


H, 
o О) 
| || j 
Sol. aaa N 
СН; 
H3C H 23 
.3 ppm 
1.97 ppm 5.6 ppm 
10. (a) 
O P 
Щул. CH; Se) CHa 26 (3Н, s) 
Sol. Ме М `~ HON 
| \ 
CH; 7.8 (1 H, s) CHsp 2.8 (3H, s) 

11. (c) 

Sol Benzene acetonitrile 
CH, 2CH,-C=N 
6H 2x3H 
6H 6H 
Integration ratio 6 : 6 

1:1 
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DPP-(05) / ‘H-NMR 


12. (a) 
13. b 
5.17 3.15 3.53 
H 20 Н, H, 
H йз С —C —Br 
Sol Or os (Ort : O 
Major A Minor B 
A B 
for 1 mole 2x(1:3) 2:2 
2х (2:6) 23:2 
4:12 2:72 
2:6 1:1 


Intensity ratio: 2: 1:1:5 


If molar ratio is 4 : 1 
14. — (b) p" 


Sol. IR: 1720 cm“ — conjugates ester 


H H 
5.5 ppm 6.2 ppm 
о тА 
2.0 4.2 
O 
15. (b) 
Sol _ Deshieldinig effect. 
16. (a) 


XXXXX 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-06 !H-NMR 


What will be the spin state multiplicity of ^N nuclei? 


(a) 1 (b) 3 (c) 6 (d) 2 
What will be the spin state multiplicity of ?'P nuclei? 
(a) 1 (b) 2 (c) 3 (d) 4 


Choose the correct тергезеп F in.'H nuclei in presence of external magnetic 
field B, where m represent nuclear Spin of nuclei. 


m > 
mn — 


(c) (d) т= +, 


о Во —? о Во — 
Е ; 1 

What will be the difference in energy of the two state for a nucleus with I = 2 ? 

hB hB hB 
(a) —m, I (b) p (c) M dd (d) None of these 

2n 2n 2f 
What is the gyromagnetic ratio of 'H nuclei (MHzT ) 
(a) 42.57 (b) 2.67 x 10* (c) 267 x 106 (d) 41 x 106 
At 5.87T, what is the procession frequency v of a 'H nucleus ? 
(a) 250 MHz (b) 62.9 MHz (c) 400 MHz (d) 450 MHzs 
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10. 


11. 


12. 


DPP-(06) / ‘H-NMR 


At 5.87 T, what is the procession frequency (v) of a PC nucleus? 


(a) 250 MHz (b) 62.9 MHz (c) 400 MHz (d) 450 MHz 
At what magnetic field strength do protons process at a frequency of 3600 MHz? 
(a) 5.87T (b) 7.04T (c) 6T (d) 4.05T 


Which of the following will decreases the difference in population between the two energy 
1 
levels ‘œ’ and ‘P’ in a spin 5 system? 


(a) Increasing the temperature (b) Increasing the external magnetic field (В) 
(c) Increasing sample concentration (d) Increasing the gyromagnetic ratio 

The nuclear relaxation characterized by T, relaxation is called as 

(a) Transverse relaxation (b) spin-spin relaxation 


(c) spin-lattice relaxation (d) Relaxation in X-y plane 


3 
The nuclear spin quantum number (I) of a nucleus in PE When placed in an external magnetic 


field. The number of possible spin Mm i camoccupy is. 
(a) 1 (b) 2 (c) 3 (94 


One instrument uses a permanent magnet with 0.1750 tesla of magnetic field. The proton reso- 
nance frequency in this instrument will be 


(a) 6.5403 MHz (b) 7.4501 MHz (c) 8.0154 MHz (d) 10.5402 MHz 


H 


XXXXX 
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Sol. 


Sol. 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


ANSWERS 


(b) 5. (a) 
(b) 6. (a) 


(a) pU 
(b) *. (b 


Bow I LÍ 


HINT & SOLUTIONS 


(b) 

For “NI=1 

Spin multiplicity = 21+ 1=2x1l+1=3 
So, —1, 0, +1 

(b) 


А пее 1 1 1 
Spin multiplicity = 2I + 1 = UAE OE и 


(a) 
Energy of the ith spin state (E.) 
[m —m,yhB, 

2n 


For m= += 
orm 2 


9. (a) 
10. (c) 
11. (d) 
12. (b) 


DPP-(06) / 1Н-ММ А 
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Sol. 


Sol. 


DPP-(06) / ‘H-NMR 


hB 
E= = ү Yo (lower in energy) 
2 2n 
NA: 
orm- 7 
E=—m, WE; (higher in energy) 
2 2n 
(b) 
AE-E, -E _ (= B ShB, 
(=) | E 2 24. 2т 
mags 
21 
(а) 


gyromagnetic ratio of 'H nuclei in rad S“'T nuclei (MHzT"! 


i 7” 
Vor = Yp, = (42.5 MHzT-) (5.877) 9250 MHz 


(b) 
v = Yp, = (10.7 MHzT~) (5.87T) 


v = 62.9 MHz j 
(b) 


MS Е Y Bo 
vy, = (42.57) MHzT)B, 
300 MHz = 42.57 MHzT" x B, 


(a) 
(c) 
(d) 


p гето к 
2 2 


(b) 

Bo = 0.1750T 

y =y Во 

ү (free) = 72.57 MHzT" х 0.1750T = 7.45 MHz 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-07 !H-NMR 


For a nucleus with nuclear spin quantum number I = !2, what аге the values of mi? 


(a) +, 2 (b) 45, 0 (c) +12, +1 (d) 0, +1 

Which list below gives only spin active nuclei? 

(a) ?H, 2С, Е (b) ІҢ, ?H, рс (с) ІН, 2C, 19R (d) ІН, С. өЕ 

What would you expect to obsery, е Н NMR:spectrum of chloroethane CH,CH,Cl 
(a) A doublet and a triplet (b) A doublet and a quartet 

(c) Two doublets (d) A triplet and a quartet 

What signals do you expect to see in Н NMR spectrum of 1,1-dichloroethane CH,CHC1,? 
(a) A doublet and a triplet (b) A singlet and a doublet 

(c) A doublet and a quais / (d) A singlet and a quartet 


How many signals do you except to see in the 'H NMR spectra of 2-bromopropane (CH,),CHBr 
and 1-бготоргорапе CH,CH;CH,Br? 


(a) 1-Bromopropane : 2, 2-bromopropane : 2. (6) 1-Bromopropane : 3, 2-bromopropane : 2. 
(c) 1-Bromopropane : 3, 2-bromopropane : 3. (d) I-Bromopropane : 2, 2-bromopropane : 3. 
The 'H NMR spectrum of a compound B shows a doublet and a septet. Which of the following 
statement is true? 

(a) The spectroscopic data are constant with B containing a propyl (CH,CH,CH,) group 

(b) The spectroscopic data are consistent with B being (CH.),CHCI 

(c) The spectroscopic data are consistent with B containing a CH,CH, group. 

(d) The spectroscopic data are consistent with B being (CH.),CCI, 

A'H NMR data spectrum of compound C contains a triplet, a singlet and a quartet. Which of the 
following compound might C be? 

(a) CH, CHCICHCICH, (b) CH,CCI,CH,CH, 

(c) CH,CH,CHCICHCI, (d) CH,CH,CH,CRCI, 

Which of the following compound contains one or more protons that could undergo exchange 
with protons in water? 

(a) CH,Br (b) (CH,),O (c) CH,OH (d) (CH.)N 
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10. 


11. 


12. 


13. 


14. 


DPP-(07) / !H-NMR 
А 'H NMR spectrum of CH,CHBr, shows two signals. What are the multiplicities and assign- 
ments of these signals? 
(a) A quartet assigned to the CH, group and a doublet assigned to the CH group. 
(b) Two singlets, one assigned to each of the CH, and CH groups. 
(c) A triplet assigned to the CH, group and a singlet assigned to the CH group. 
(d) A doublet assigned to the CH, group and a quartet assigned to the CH group. 
In the IR spectrum of compound X, there is a strong absorption at 1718 cm in addition to bands 
at 2979 and 2940 cm'! and bands below 1500 cm~. The 'H NMR spectrum contains two signals 
: a quartet and a triplet with relative integrals of 2 : 3 of the following compounds, which is X 
most likely to be? 
(a) CH,CH,OH (b) CH,CH,COCH,CH, 
(c) CH,CH,COOH (d) CH,CH,OCH,CH, 
A compound A analyses as containing 69.5296 C and 10.2196 H. Among other absorptions, the 
IR spectrum of A contains a sharp band at 2250 cm“. THe 'H NMR spectrum (recorded in 
CDCL), two triplet (6 2.34, 1.08 ppm) and a sextet (6 1.70 ppm) are observed. Compound A is: 


(a) CH,CH,CH,CH, Fin ae 
(c) CH,CH,CH,CHO | (d) CH,CHJGH,CN 


The °C { 'H} NMR spectrum of a CDCI, solution of an ether Z exhibits signals at 6 71.9 and 
59.0 ppm, while in the 'H NMR spectrum there are two singlets at б 3.55 and 3.39 ppm (relative 
integrals 3 : 2). Which of the following compounds is Z most likely to be? 


(a) CH,OCH,OCH, | (b) CH,CH,OCH,CH, 

(c) CH,CH,OCH,OCH,CH, / (d) CH,OCH,CH,OCH, 

Determine the molecular structure of a compound with.molecular formula C.H, О,. 
IR data : 1760 cm, 1240 cnr! 

NMR : (1) 3.4 (S, 64) (1) 3.8 (S, 3H) (a1) 4.8 (6, 1H) 


O 
H || оо 
(а) ола а. (b) lot Ho 
cn: CH40-C-C-C -OCH, 
O 
СНО | CH0, ius E 
єс Ди-С-ос 4) ДО : 
CHO CH;O 


Determine the molecular structure of compound with molecular formula C,H.N 
IR data : 220 cnr!, 1620 cm, 1570 cm! 

NMR Data : 

2.4 6 (singlet, 3H) 

7.2 6 (doublet, J = SHz, 2H)s 

7.5 6 (doublet, J = 8 Hz, 2H) 
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15. 


16. 


17. 


DPP-(07) / !H-NMR 


CN CEN 
CN 
H- ox H 
(a) (b) (с) 
Determine the molecular structure of compound with molecular formula 
Coe) 
NMR Data : 1.57 6 (s, 6H) 
3.07 ô (s, 2H) 
7.2] 6 (s, 5H) 
CH; H4C— C- ea —С1 


os а um 
a d) None of these 
(a) сн, E (d) 
CH,Cl 


Determine the molecular structure of compound with NMR data 


(i) 1.1 ppm (s, 6H) (it) 1.4 ppm (quartet, 2H) 
(ш) 0.8 ppm (triplet, ЗН) (iv) 2.4 (s, 1H) 
CH , 
Н, | : ie Н» Н» 
ете к (b) ње 6с —C —OH 
CH; H 
H 
й Hm Т" Hy H, 
(y ee @ Чо (d) н,с-С—С -C -0H 
СН» н 
Determine the molecular structure of compound with molecular formula 
CH,O, 
NMR Data 


(1) 1.15 ppm (triplet, 3H) 
(i1) 2.03 ppm (singlet, 3H) 
(iii) 4.13 ppm (quartet, 2H) 


O 
(a) Н, d (b) H, Il 
CH,-C -0-C-CH, H4C-C -C-0-CH, 
Hy Н, О 
H-C-O-C =C -CH3 H5 H5 T 
V ral () y, c-c -c -C-oH 
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[3] 


Sol. 


Sol. 


1. (a) 
2. (d) 
3. (d) 
4. (b) 
5. (b) 
6. (b) 
(a) 
TH, 2 
(d) 
Н=11=% 
PC=[=% 
MPR=[=% 
(а) 
CH3CH, – СІ 
triplet quartet 
(b) 

VS 

H3;C—CH 
x 
Cl 


doublet quartet 
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ANSWERS 


7. (b) 13. (c) 
8. (c) 14. (b) 
9. nifl 15. (c) 
1075) 16. (a) 
11. (d) 17. (a) 
12. (d) 


HINT & SOLUTIONS 


DPP-(07) / !H-NMR 
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DPP-(07) / !H-NMR 


5. (b) 
rà 
H H, H,C—C—CH, 
Sol H4C—C -C —Br H 
ol. 
3 chemically non-equivalent 2 chemically non-equivalent 
hydrogens are present here. hydrogens are present here. 
6. (b) 
СН; 
doublet CH-Cl 
Sol. СН» Y 
S Septet 
doublet 
7. (b) 


CI p" 
H 


| В, 
ME —CH, 
Sol. i e | 
singlet doublet triplet 


8. (с) P 
Sol. CH,- О-Н — Acidic hydrogen can undergo rapid exchange 
9. (d) 
_ Br 
CH,-CH. 


Sol. y oy Br 
doublet quartet 
10. (b) 
Sol. Strong band at 1718 cm indicates the presence of carbonyl compound 


O 
Н; || Ho 
H3C—C SCC —CH3 
6 H shows triplet 
4 H shows qauartet 
11. (d) 
5501. Sharp band at 220 cm indicates the presence of — C = N group. 
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12. 


Sol. 


13. 


Sol. 


14. 


Sol. 


15. 


Sol. 


DPP-(07) / !H-NMR 


CH5 СН, СН, С= № 


пт 


t sextet t IR-band at 220 ст! 
1.08 1.70 2.34 
(d) CH,OCH,CH,OCH, 
CH,OCH,CH,OCH, 
6H give singlet at 3.55 ppm 
4H gives singlet at 3.39 ppm 
6:4 
952 
(c) 


О 
С ун C-0-CH 
(3.4, s) -C-O-CH; 
C—0^ (s, 3.8 ppm) 
H; (s, 4.8) 
2.4 ò (singlet, 3H) 
7.2 6 (doublet, J = 8Hz, 2H) 
7.5 6 (doublet, J = 8 Hz, 2H) 


(b) b 
pas band at 2240 ст—1 

C=N 
or Н, H, (doublet 7.5 8) 
(doublet H, H, (doublet 7.2 ò) 
7.2 0) 

СН; 

(singlet 2.4 ppm) 

(c) 


| 
Н, Н CH4—C 


— CH, > (singlet, 2H) 
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16. 


Sol. 


17. 


Sol. 


—3H, (8, 5H) 
(a) 
14  (s1.1 ppm) 
08 4 CH 
О [7° 
CH,-C —С—ОН 
| 24 
CH; 
s 1.1 ppm 
(a) 


Н, [| 
H3C-C —O0-C-CH; 
t 


ppm 


q S 
1.15 4.13 ppm 2.03 ppm 


oy 


DPP-(07) / H-NMR 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-08 !H-NMR 


Predict the chemical shift of each of the three vinyl hydrogens in styrene. 


Ha 
He Hp 1 
(a) H, > H, > H, (b)H,>H,>H, (c)H,>H,>H, (d H, >Н >Н, 
Consider the following statements for cyclooctyne 
н“ Н“ Ё 
Н H* 


(a) H* hydrogens to be shielded by the induced field of triple bond 
(b) H* hydrogens to be deshielded by the induced field of triple bond 
(c) H* hydrogens do not undergo any change 
(d) None of these 
Consider the following statement for [18]-annulene 
(i) It is aromatic 
(ii) the inner proton’s resonates at 6 9.28 in its 'H NMR spectrum. 
(ш) there are six protons in the shielded zone. 
The correct statements are 
Match the following hydrogen given in column P with their chemical shift value in column Q. 
Column P Column Q 
ppm 
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DPP-(08) / ‘H-NMR 


Ha 
(a) A (i) 7.27 
Hp 
(b) (ii) 9.17 
He 
(c) (iii) 10.3 
Ha 


(d) Ө (iv) 5.37 


(a) а-а), b-(iv), c-(i), d-(1i) (b) a-(iv), b-(iii), с—(1), d-(ii) 
(c) a-(v), b-(iii), с-(), d-(1) (d) a-(1), b-(ii), с—(ш), d-(v) 
Compare the chemical shift valule for H,, H, and H, 


EtO Ha у 
p 
He Hp 
(a) H,> H, > H, (b) H, > H, > H, (c) H> H, > H, (d) H > H, > H, 
Arrange the following hydrogens given below in their increasing value of chemical shift 
+ 
CMe, 
Ha 
Нь 
Н, 


(a) H, < Н, < Н, (b) H, > H, > H, (c) HL «H, « H, (d) H, «H, « H, 
Compare the chemical shift of hydrogens given below 


CH; 
Ha Нь 


(a) ӧ > à, (b) ô > б, (c) ӧ = 0, (d) Can't compare 
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10 


11. 


12. 


DPP-(08) / ‘H-NMR 


Compare the chemical shift value of H, and H, given below 


на (HS нь 
(а) 8, > 8, (b) 8, > 8, (c) $ = 8, 


(d) Data is insufficient to compare chemical shift value. 


Compare the chemical value of H, and H, given below 


CH; Ha H Hp 
H H 
cI Aon Сон 


(a) 6, <ӧ, (b) 8, 2 8, (c) б> à, (d) None of these 
Compare the chemical shift value of following hydrogens given below 


Ha " 7 p" 
oni 


(a) H, > H, > H, (b) Can't compare (c) H, > Н> H, (d) H, > H, > H, 
Compare the chemical = аше of methyl groups attach to sp? carbon atom 


CH; CH; 
Onn РА 


(a) 6, > à, (b) 8, > б, 
(c) 6, = 6, (d) Data is insufficient for comparison 


Compare the chemical shift value of H, and H, given below 


H H 
H Ha он H, | à H, 
(a) 6, 2 ӧ, 
(b) 8,» 8, 
(c) & > à, 


(d) Cannot compare 
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[3] 


13. 


14. 


15. 


16. 


17. 


18. 


DPP-(08) / ‘H-NMR 


Compare the chemical shift value of following hydrogens given below 


(a) H, > H, > H, (b) H, > H, > H, (c) H, > H, > H, (d) H, > H, > H, 
Compare the chemical shift of hydrogen given below 


М-/-М 
Де 

да) 
(a) 6, > б, (b) à, > б, (c) 0, 2 6, (d) 8, <ò, 
Compare the chemical shift value of, ns 


(a) 6, > ӧ, (b) à, > ò, (c) ò = 0, (d) 6, > ò, 
Compare the chemical shift value of following hydrogens given below: 


(a) 6, > 6, (b) 8, > б, (c) 6, = 6, (d) 8, >, 
Compare the chemical shift value of following protons given below 
H3C CN H3C 
Н, 
СМ 
HC HC Hp 
(a) 6, > 6, (b) 8, > б, (c) б 2 6, (d) 6, <ô, 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


ANSWERS 


1.(a) 8.(a) 
2.(b) 9.(c) 
3.(d) p" d) 
4.(a) 11.(b) 
5.(c) 12.(b) 
6.(d) 13.(a) 
7.(b) 14.(b) 
HINT & SOLUTIONS 
1 (а) 
Heis 
Sol. 
gem На 
б = 9-66 
б = 5.64 
б = 9.18 
Непсе, 
H > Н > Н 
H, > H > H, 
2! (b) 


DPP-(08) / 1Н-ММ А 


15.(b) 
16.(b, с) 
17.(b) 
18.(a) 


Sol The induced field in the region of the H* hydrogens is aligned with the external field, so the 
effective field experienced by the H* hydrogens is greater the external field alone. This causes 


the signal to move downfield (to higher frequency) the result of apparent deshielding. However 
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DPP-(08) / 7H-NMR 
this deshielding effect would be smaller than the shielding effect on acetylenic hydrogen be- 
cause the H* hydrogens are farther away from the triple bond. 


3. (d) 
Ke )] Inner hydrogen - — 1.8 ppm 
Sol. Ring <> Outer hydrogen ~ — 1.8 ppm 
Current Ss 
18H electron 
4. (a) 


Sol. Ife? density per proton is more than lesser will be chemical shift value. 


Ha 


— | 2 ES 


e°density per proton = — ——— ———————— = — 
Total number of proton 3 


Hp 
Е А 6 
e density per poy 5 = 1.2 
He 
e density per proton = P =? 
На 


e°density рег proton = £ =0.8 


So chemical order shift order 


6, > 6, > д„ > д, 
б = 10 ppm 


à, = 5.3 ppm 
ô = 7.27 ppm 
6, = 9.1 ppm 
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Sol. 


Sol. 


Sol. 


Sol. 


Sol. 


10. 


Sol. 


DPP-(08) / !H-NMR 


(c) 
Et ЕО H 
H a 
З 
Н, Hp He Hp 


Due to presence of orbital symmetry H, will be more shielded. 
So chemical shift value in decreasing order will be 

H > H > H, 

(d) 


CH; CH; 
| Ha | Pa 


Due to presence of bulky alkyl group repulsion,between alkyl group and hydrogen increase. So 
chemical shift value of hydrogen mereases. 


(a) 


8.53 
Ha7.73 (CH;)3C H 


OC 


(с) 

CH, н. 3.65 й „5345 
H07— Aon He SA 
(d) 


Lip 
АП 50 Mall Road, Cc GTB Nagar 1 Metro Station Gate No 3, Kingsway Camp, GTB Nagar, New Delhi, Delhi 110009 [7] 
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11. 


Sol. 


12. 
Sol. 


13. 
Sol. 


14. 


Sol. 


15. 


Sol. 


16. 


Sol. 


DPP-(08) / ‘H-NMR 


(b) 
1.64 2.36 
or" Oo 
a 
(b) 
H, = 4.48 ppm 
H, = 3.92 ppm 


Because of presence of more repulsion in case of H, chemical shift value is more than H,. 


(a) 
H,>H,>H 


(b) 
3.53 
3.73 
(b, с) 
0.70 
0.798 
H H 
CH3~ н, NCH 
/ / 
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DPP-(08) / !H-NMR 


In I CH, is in shielded region hence chemical shift value is less than II. 
17. (b) 


0.838 0.17% 


H Ha 


18. (a) 
H3C CN H3C 
Н, 
6 5.46 CN 
gp. Ee с.т 


Н cis to Ph is H cis to Pha 
downfield i 
ч 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-09 !H-NMR 
Compare the chemical shift of protons given below 


c 
H 


2 
H,C——C wit 

CH CH, 

/ 

Hb Ha 


(a) 0, > ô, > б, (b) б? 5, > б, (c) 9,» 06, > б, (d) 8, > 8, > б, 
Compare the chemical shift value of following protons given below іп ЇН NMR spectrum 


H COOH, 
H»C—@—CH 
A NCH 
че. На | 2 
Hecht 
Ha 


(a) H, > H, >Н >Н, (b) H, > H, > H, > H, (c) H, > H, ^ H, > H, (d) None of these 


Compare the chemical shift value of the circled methyl group in the following compounds 


НС H3C Cio HC c 
a ^ СН; CH; СН» 
(а)а> с>а (b)c>a>b (c)c>b>a (d)a>b>c 
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4. 


5. 


6. 


7. 


8. 


DPP-(09) / ‘H-NMR 
Compare the chemical shift value for H, and H, given below 


Hp Н, 
YW Ө 
ee Uf 


(a) 6, > à, (b) 8, > б, (c) ӧ = ӧ, (d) 6, > à, 
Compare the chemical shift value for H, H,, H, given below 


(a) 8,» 8,» 8, (b) 8,» 8,» s P (c) 5, > 8,» 8, (d) 8,» 8,» 8, 


Compare the chemical shift value of Н and Н, indicated below 
Нь 


(a) 6, > б, (b) 8, > б, (c) 6, = ò, (d) 6, > ò, 
Compare the chemical shift value for H, and H, indicated below 


Hy y" 


(a) 6, > ӧ, (b) 8, > б, (c) б = 6, (d) 8, >, 
Compare the chemical shifts value for the methyl protons 
Me. Mea 

BY’ CH, 
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10. 


11. 


12. 


13. 


DPP-(09 ) / !H-NMR 


(a) 6, > 6, (b) 8, > 8, (c) 0, 2 6, (d) 6, > à, 
Compare the chemical shift value for H, and H, 


H 
Hz b 
| 
(a) б> ӧ, (b) 8, > б, (c) ò =ô, (d) Data is insufficient 
Compare the chemical shift value for H,. H, and H, in the following compound given below 


b 
Н, 
О 
He 
(a)H,=H,=H,  (DH,-H,«H c)H,>H,>H, = (d@) H.> H,>H, 
Compare the chemical shift уаше й and Н, indicated below 
H, 
H, 
t 
(a) 6, > à, (b) 6, > 6, 
(c) 6, « 6, (d) Insufficient data for comparison 


Compare the chemical shift value of H, and H, indicated below 
O 


Ha Hp 
CONS 


(a) 6, > ӧ, (b) 8, > б, (c) 6,=4, (d) None of these 
Compare the chemical shift value of methyl protons 


(a) 6, > 6, (b) 8, > б, (c) 0, 2 6, (d) Cannot compare 
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DPP-(09) / ‘H-NMR 


14. Compare the chemical shift value indicated protons in the compound given below 


(a) 6, > 6, (b) 8, > б, (c) 6, 2 0, (d) None of these 
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Sol. 


DPP-(09 ) / !H-NMR 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


ANSWERS 


1.(c) 8.(b) 
2.(d) 9.(b) 
3.(d) p" C) 
4.(a) | 11.(a) 
5.(d) 12.(b) 
6.(a) 13.(b) 
7.(b) 14.(a) 


HINT & SOLUTIONS 


(c) 
CONS 
ът Ju Shielded ~ 1.0 ppm 
x C n 
` H, E 
H,C—c ;— CH, 
| T 
CH, CH. 
b ч 
~ 2.0 ppm Ha B 


H, protons lie in shielded region of cone so chemical shift value decrease for Н. Н, protons lie 
in deshielded region of cone. So chemical shift value for H, will be more. 
Н> НҢ >Н, 
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Sol. 


Sol. 


Sol. 


DPP-(09) / 1Н-ММ А 


COOH, 


Shielded region 
CH, hydrogen is upfield 
i 


Lannen 


Big” more deshielded high 
chemical shift 


value ~ 12 ppm 


Н — deshielded due to ansotopic effect 
or 6 ~ 7.8 ppm 


So chemical shift order is p" 
H, > H, > H, ^H ч 


(d) 


p 0.72 ppm 
бе 


The methyl group b апа с аге in shielded region of double bond. Methyl group f is more shielded 
as compare to be. 


Hence d option is correct. 


(a) 


—0.25 -1.74 


Address : 50 Mall Road, 1* Floor, GTB Nagar Metro Station Gate No 3, Kingsway Camp, GTB Nagar, New Delhi, Delhi 110009 [6] 
Contact Us: 9990382567, 7082062392, 9717373074, 8285815185 


DPP-(09 ) / !H-NMR 
5. (d) 


—3.95 


Sol. 


Inner protons lie in deshielded region because ring is antiaromatic and outer proton lies in shielded 
region. Therefore chemical shift value for inner hydrogens 18 greater than outer hydrogens. 


7. (b) [4 


НЬ І 27 


Sol. 
18H e aromatic 

Н, =-8.17 

H, = 8.83 
8. (b) 

1.236 

Mo Me—-0.728 

So. — "X CH 


(CH,), lies in shielded region of double bond. 
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DPP-(09) / !H-NMR 


9. (b) 
H 
H b 
1.06 8 1.32 
Sol. ; 
10. (c) 
H,- 6 5.13 ppm 
H,..85.83 ppm 
Sol. О 
He 
~ 2.4 ppm 
11. (a) 
Sol. 
12. 
Sol. 
13. 
Sol. 
14. 
Sol. 


H, = 21.24 
H, =-2.56 to - 3.14 
S.- 5, 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-10 !H-NMR 


1. Consider the following statements for Nuclear magnetic resonance spectroscopy? 


(a) Study of molecular structure through measurement of the interaction of an oscillating radio 
frequency with nuclei immersed in magnetic field. 


(b) Study of molecular structure through measurement of the interaction of radiofrequency with 


nuclei immersed in magnetic fie 
(c) Nuclear magnetic resonance spectrum can not provide information about molecular struc- 


ture and dynamics 


(d) All of these 
2. Which of the following rays are not electromagnetic waves? 
(a) Gamma rays (b) geo rays (c) Heat rays (d) X-rays 
3: To which part of the spectrum does EM waves belong if the energy of the wave is of order of 15 
KeV. 
(a) X-rays (b) Infrared rays (c)-Ultraviolet rays (d) Gamma rays 
4. Which of the following can be used to produce a propagating electromagnetic wave? 
(a) Charge moving at a constant speed (b) Chargeless particle 
(c) Stationary charge (d) An accelerating charge 
5. The direction in which electromagnetic waves propagate is the same as that of 
(a) Ex B (b B x E (с) E (d) B 
6. What is the energy (kJ mol') range of radio waves? 
(a) 4х 10° x 0.4 (b) 0.4-4 (c) 4x 107—4 x 10? (d) 4— 1.6 x 10? 
7. What is the frequency (Hz) range of radio waves? 
(a) 10-10% (b) 107? — 10” (c) 105 – 10^ (d) 106 — 107? 
8. What is the wavelength (nm) of radio waves? 
(a) 3 x 10*— 780 (6) 3x 105-3 x 10° (с) Зх 10'x3x 10° (d) 10! x 3 x 10 
9. Suppose our NMR experiment required the use of radio wave radiation with a frequency of 250 


MHz to examine formaldehyde. Consider the following statements 


(a) Will this NMR experiment enable us to see the various individual lengths of the C = O bond 
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10. 


11. 


12. 


13. 


DPP-(10) / 7H-NMR 
as it vibrates 
(b) Will we detect only a time-averaged bond length. 
(c) Both a and b 
(d) None of these 


Possible orientations of the magnetic moment (и) of О spinning electron in an external magnetic 
field (B) is given below. What will be the possible orientations of the magnetic moment (и) of 
a spinning proton in an external magnetic field B,. 


|o. F 


K +2 =- 
higher energy lower energy 


E ? 


Ф  hs=-⁄ m=+% m= P 
higher energy lower energy p^") energy) higher energy 
um "d M (d) All of these 


(higher energy) higher energy 


Which of the following nuclei will be NMR active 


(a) Nuclei with Both Z and N even (b) Nuclei with Both Z and N odd 

(c) Nuclei with even Z and odd N (d) Both b and c 

What will be the spin state multiplicity for "C? 

(a) 1 (b) 3 (c) 0 (d) 4 

What will be the spin state multiplicity for "О? 

(a) 1 (b) 3 (c) 5 (d) 6 
XXXXXX 
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Sol. 


SE OT OOV ee uan БӘ 


Sol. 


1.(a) 
2.(b) 
3.(a) 
4.(d) 
5. (a) 
6.(a) 
7.(d) 


(a) 


DPP-(10) / 1Н-ММ А 


© 


QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


ANSWERS 


8.(d) 
9.(b) 


12. (a) 
13.(d) 


HINT & SOLUTIONS 


For nuclear magnetic resonance spectroscopy interacting radio frequency should have oscilla- 


tions. 
(b) 
(a) 
(d) 
(a) 
(a) 
(d) 
(d) 
(b) 


1 
The vibrational time scale E 


1 


" ^S13x100Hz 190°) is much shorter than the NMR 
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DPP-(10) / ‘H-NMR 


1 1 Y 
time scale |: = 25% 10° = 4.10 5 therefore, NMR can only detect a time-average C = О bond 


length. 
10. (b) 
11. (d) 


Sol. Only isotopes with an odd number of protons (odd Z) or/and an odd number of neutrons (odd N) 
possess non zero nuclear spin. Nuclei with zero nuclear spin (those with an even Z and even N) 
have zero nuclear magnetic moment and cannot detected by NMR methods. 


Ans. (а) 
Sol Multiplicity = 21+ 1,1=0=2(0)+1=1 
Ans. (d) 


Sol. Бог О I= 


5 
Multiplicity = 21 + 1 = A D 9" 


e ous qd 35 
2'2'2'2'2'2 


м | л 


l XXXXXX 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-11 !H-NMR 


Assign the structure of the compound with molecular formula: С,Н,Вг 
ó(ppm) =1.3 (t, ЗН) 


2.5 (q, 2H) 
7.0 (d, 2H) 
7.4 (d, 2H) p" 
СН» СН»СН» 
CH; CHCH; CH,CH; 
Br 
(a) (b) (c) (d) 
Br / Br B 
Assign the structure of the compound with molecular formula: С Н, О, 
8(ppm) =8.1 (5, 4H) 
4.3 (q, AH) 
1.4 (t, 6H) 
i i 
O-C-C,H; C-OC3Hs О 
|| 
С-ОС,Н; O-C-OC3Hs 
(a) (b) (c) C—OC,H, (Ф C-C;Hs 
ER RD 968, 4 О 
О О 


Assign the structure of the compound with molecular formula: С,Н ДО 
'H NMR: 4.2 (s, 1H) peak at 4.2 disappearing in D,O 

3.8 (t, 2H) 

2.7 (t, 2H) 
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DPP-(11) / !H-NMR 


о WE B 
(a) CH3CH5-C- NH; (b) HxC—Cy 
O 
О 
Zz 
H,C—c~ 
| H | 
(с) НСС МСН; (d) H-N—CH; 


Identify the compound with molecular formula C.H, O, 
d(ppm) = 2.2 (q, 4H) 


2.6 (s, 4H) 
1.3 (t, 6H) 
Н, H 
CHiCH,-C-C -C —C-CH4CH GH -о-с—( )-c-o-c H 
а) 2 ?] | „ЖК м [| i m 
О О О О 


сњ-с-0(0))-о 6, 
(с) || d (d) None of these 


O 


Assign the structure of the compound 


'H NMR Data: 0.95 (Ы 
1.5 (m, 2H) 
1.8 (s, 3H) 
2.1 (t, 2H) 
4.85 (d, 1H) 
4.95 (d, 1H) 
d aH 
(a) HyC-C-C=C— CH; 
Н 
СН 
/ 3 
(b С=С, НБ, 
C=C — СН; 
H5 


(c) CH, - CH, = CH= CSC =H 

(d) CH, - CH, - CH - CH = СН - CH, 

Assign the correct structure for the compound with molecular formula C.H,ON 
'H NMR Data = 4.2 (q, 2H) 
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DPP-(11) / 1Н-ММ А 


= 5.2 (q, ІН) 
= 1.8 (d, ЗН) 
= 1.3 (t, 3H) 
H, H, Н, Н, 
(а) H3C-C EE E CE (b) H4C- C. m 9 а т" С к —NO, 
O NO, O 
H, H, Н» H H, 
(с) O2N-C -c m IC C. —CH; (d) x MR RE — CH 
NO, O 
Assign the correct structure of the compound with 'H NMR Data: 
2.35 (s, 3H) 
4.5 (s, 2H) 


7.2 —7.4 (m, 4H) 


CH,Cl СН» 
Assign the correct structuge of the compound with 
"HNMR Data: 1.0 (t; 3H) 
1.65 (m, 2H) 
1.95 (s, 1H) 
2.2 (t, 2H) 
H, H5 |... TH» 
(a) H3C- C =C™%C=CH (b H3C-C=C—C —CH; 
CH; H5 
(с) H,C-CH—CZC-H (9) С=С —C=C—-CH; 
Arrange the correct structure of ће compound with 
'H NMR data: 1.57 (s, 6H) 
3.07 (s, 2H) 
7.27 (s, 5H) 


о. 


b 2 
(a) H,C- ССН; (b) н,с- CoC (c) H,C-C-C -CI 
me- Cl а Н 


(а) None of these 
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DPP-(11) / 7H-NMR 
T0. ^ Assign the correct structure of compound with ооо 
'H NMR Data: 0.95 ppm (t, 3H) 
1.5 (multiplet, 2H) 
1.75 (multiplet, 2H) 


3.55 (t, 2H) 
Cl Cl 
| | H 
(а) шоев (b) IET CHE —CH; 
СН» СН» 
С1 
| H 
(c) CH,- CH, - CH, - CH, - Cl (d) H3C—-CH-C -CH4 
11. Assign the correct structure of the compound with 
'H NMR Data = 2.9 (d, 4H) 
4.6 (t, 2H) 
CI CI 
Н, 
(а) апаа (b) са AUR -CHCL 
CI CI Cl 
(c) eam И (d) CLCH - CH, - CH, - СНСІ, 
Cl y 
12. Assign the correct structure of the compound with molecular formula: C.H „О, 
ó(ppm) = 0.95 (d 6H) 
1.9 (m 1H) 
2.1 (d, 2H) 
3.85 (s, 3H) 
@ HC, н, (b Cn, 
CH-C -0- :- CHs HTC шы eres 
H3C О HC 
(с) CHO, н, н, (d) None of these 
СН»О 
13. Assign the correct structure of the compound with molecular formula C.H,O, 


ó(ppm) = 0.95 (t, ЗН) 
1.8 (multiplet, 2H) 
3.15 (t, 1H) 
12.37 (5. 2H) 
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14. 


15. 


16. 


DPP-(11) / 1Н-ММ А 


H Hy 
(a) С—С СН, (b) 9С-С -о—-с—сн, 
COOH COOH О 
m T СООН 
2 2 
© H3C—C -6-0-CH; (d) ЊС-С СН. 
СООН 


Assign the correct structure of the compound which NMR data given below 
ó(ppm) =4.29 (t, J = 5 Hz) 
3.56 (t, J = 5 H2) 


* Otay 
Assign the correct structure of the compound 


"HNMR: 0.95 (t, ЗН) p" 
1.6 (multiplet, 2H) 


2.1 (t, 2H) 
6.6 (s, broad, 1H) 
7.2 (s, broad, 1H) 


I 
Н Hy || H 
(a) H3C-C —C -C-NH5 (b) » СН Сн; 
| O-H B, OF 
H, H 
H4C-C —C —C=NH 
O 
|| H, 
(c) H3C-C—NH-C -CH4 (d) Both (b) and (c) 
Assign the correct structure of compound 
'H NMR Data: 1.1 ppm (t, 3H) 
2.] ppm (s, 3H) 
4.2 ppm (q, 2H) 
Н; 
(а) H3CH»CH3C— COOH (b) H3C-C TEC Hd 
O 
Н; 
(с) H3C—C Е (d) Can't predict 


O 
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[5] 


17. 


18. 


19. 


DPP-(11) / !H-NMR 


The following compound, with formula C.H.O, shows medium band in the infrared spectrum at 
3270 and 2118 cm. Draw the structure of compound. 
s (ppm) =1.3 (t, ЗН) 


2.9 (s, 1H) 

4.2 (q, 2H) 

Н, Н, = 
(а) Н5С-С сен (b) H3C-C JO ree 

O O 

Н» = Н» 

(c) ЊС-С BM LE (d) H43C-C зто 
О О 

The following compound with formula СУН „О, shows strong absorption at 1737 ст and has 


several strong bands centering at about 1200 cm’ in the infrared spectrum. Draw its structure. 
ó(ppm) =1.2 (t, 6H) 
3.35 (s, 2H) 


4.2 (q, 4H) 
н gt. 


2 
O—C -CH,-CHO 


is Н; Н; 
а b) H3C-C —OzC-C —C-O—CH,CH 
ылмы. врн, “> eee un xis 

O—C =C —CHO O O 

Н, H H, 
(с) ое MS ва —C -CH; 
O O 
H, H 
C —C —COOH 
a 
2 

(d) N Н; 

C—C —COOH 

H, 
The compound with formula C,H,,O,, shows bands at 3450 cm~ (broad) and 1713 cm~ (strong) 
in the infrared spectrum. Draw its structure. 
ó(ppm) =1.4(s, 6H) 

2.25 (s, 3H) 

3.90 (s, 1H) 

H,C-OH (н (Hs - 

| 2 
(а) HXC-C-C—CH; (b) Н,С-С—С—СН; (с) H35C7CH^7€7C —ОН (d) None of these 

н 1 o N O 

OH O 


XXXXXX 
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Sol. 


Sol. 


QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


HINT & SOLUTIONS 


1.(b) 
2.(b) 
3.(b) 
4.(a) 
5.(a) 
6.(a) 
7.(a) 
(b) 
q t 
HCH 
3s KT 3 
(d, 7.0 H H. (d, 7.4) 
b b 
(d, 7.0) На H, (d. 7.0) 
Br 
(b) 
O 
| 43 14 
C-OCH;CH; 
Н, H, 
Ha Ha 
еш 
4.3 1.4 
O 


© 


ANSWERS 


8.(a) 

9.(a) 

S" 
11.(d) 
12.(b) 


13.(d) 
14.(b) 


4H, s at 8.1 ppm 


DPP-(11) / !H-NMR 


15.(a) 
16.(b) 
17.(b) 
18.(b) 
19.(b) 
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DPP-(11) / 1Н-ММ А 
3. (b) 


Sol Peak at 4.2 disappearing in D,O means 1 proton is acidic proton which is attach to more elec- 
tronegative atom 


,H (s, 1H) 4.2 ppm 


(t, 3.8) N 
(t, 2.7) me 


O 
4. (a) 
13 1.3 
ҮЙ AM S NE. 
Sol. ат =C —С-СЮСН; 
O O 
(6H, t) = 1.3 ppm 


For 
(4H, q) = 2.2 ppm 


(4H, s) = 1.3 ppm p" 
3. (a) 


(s, 1.8) 
H3 
Hy | H, Н, 
Sol. C=C—C —C С 
н“ t m t 
21 1.5 0.95 
(4.85, ) (s, 1.8) 
He _ „СНз 
pore H, 
(A95,d г m t 
1.5 0.95 
6 (a) 
q 
d 42 52- L8 
1.3 H5 q 
So. ЊС-С —O-C—CH-CH; 
O NO, 
7 (a) 
На (235,5) 
H CH; 
н; СН,СІ 
H (s, 4.5) 
ltiplet will 
Sol. obian Бус 
(1.2-7.4) 
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DPP-(11) / ‘H-NMR 
8. (a) 


H, H, 
H;C-C -C -С=СНн 
Sol. ў y { (s, 1.95) 
(t, 1.0) (т, 1.65) (t, 2.2) 


9. (a) 
c 
H3C-CI 
| 
H43C-C-CH; 
Hy Hy 
Sol. 


For 6H of methyl group only singlet is observe at 1.57 ppm 

For 2H of — CH, singlet is observe at 3.07 

For 5H of benzene singlet is ү SH, are chemically equivalent in nature. 
10. (c) | 
Sol 0.95 1.5 1.75) 3.55 

CH,- CH, - CH, - CH, - Cl 


t m m t 
1. (d) y 
Cl Cl 
сн-с?-с'—сн 
(46,0) CH—C —С —CH 4, 4.6) 
Sol. | 29 29 | 
та d Cl 
12. (b) 
(0.95, d) 
НС. Н, 
HC СОСН 
Sl. HCY { Д ош 


(0.95, d) (1.9m) RS 


d, 2H 
13. (d) 
COOH (s, 12.37) 
Н, / = 
H3C—C pu 
Sol. i о COOH (5, 12.37) 


0.95 (m, 2H) 3.15 
(t, 3H) 
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DPP-(11) / !H-NMR 
T4. (b S ` ———————————————— ———— 


oS =5H 
„© ч. ere 5 Hz 


b b 


Sol. К, \, 4.29 (t, J = 5 Hz 
О 


x 


4.29 (t, J=5 Hz 
15. (a) 
О O-H (s, broad, 1H) 7.2 
H5 H5 || H, H, | 
H,C-C -C -C-NH, == H3C-C -C —C-—NH 


te (т,1.6) (21) (5, br, 1H) 66 
t, 3H 


16. (b) p" 
(q, 2H) 


зн) Н, 
Sol H4C—C —O-C-CH; 
Sh 1.1 ppm 4.2 ppm | 2.1 (s, 3H) 
O 
17. (b) 


Sol. f Y o F 


(t, 3H) (q, 2H) (s, 1H) 
(4.2) (2.9) 
18. (b) 
3.35 
(s, 2H) 
Н» Н» 
Sol. ЊС-С -O-C-C -C-O-—CH;CH; 
т 42 \] Д 442 t 
1.2 (q, 4H) O O (q, 4H) 1.2 
19. (b) 
1.4 
СН» 
14 | 3.9 
HyC-C—C—CHs 
Sol. OH O 
IR = 3450 cm! broad 
XXXXXX 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-12 !H-NMR 


Match the structures in List-I with the coupling constant ['HJ(Hz)] given in List II 


List I List II 


Br CI 
(1) кы (i) ~ 1Hz 


H p" 


Br H 
(2) ) ( (ii) ~ 10Hz 
H Cl 
Br H k 
(3) = (iii) ~ 15Hz 
Cl H 


(a) 1-(), 2-01), 3-(ii) (b) 1-(1); 2-(ш), 3-).. (e) (0). 2-11), 3-@) (d) 1-(ш), 2-@), 3-(ii) 
An organic compound having molecular formula C,H,,O, exhibits the following peaks in IR and 
'H NMR spectra. 


IR = 1720 cm“ 
"HNMR: 6.95 (1H, d, J = 8.5 Hz) 
5.90 (1H, d, J = 8.5 Hz) 
4.53 (1H, q, J = 6 Hz) 
1.41 (3H, d, J = 6 Hz) 
1.20 (3H, s), 1.5 (3H, s) 
O 
HC CH, H3C HC CH, 
moe E "CT у | H 
(a) H o^ So (b mc Oo o (c) HBC o^ o (d) oT CH: 
H СН» н CH; 
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DPP-(12) / ‘H-NMR 
In the proton NMR spectrum, an organic compound exhibited the following spectral data 
6 7.2 (1H, dd, J = 8 and 1.5 Hz) 
6 6.8 (IH, d, J = 1.5 Hz) 
66.7 (IH, d, J 8 Hz) 


4.9 (2 H, s) 
3.85 (3H, s) 
3.5 (1H, br, exchangeable with D,O) 
3.9 (3H, s) 
OMe HO 
OMe 
OH 

(a) (b) 

OMe OMe 

MeO OH OH 
(c) $ (d) MeO 
OMe OMe 

Which of the following will occur farthest downfield? 
(a) The hydrogens of benzene (b) The hydrogens of dimethyl ether 
(c) The hydrogen of ethene $ (d) The hydrogens of ethyne 
'H NMR spectra of (CH,),0, CH, Е and RCOOH show chemical shift at ($) in ppm at 
(a) 3.27, 4.30 and 10.8 respectively (b) 4.30,.3.27 and 10.8 respectively 
(c) 3.27, 10.8 and 4.30 respectively (b) 10.8, 4.30 and 3.27 respectively 


The chemical shifts of a doublet signal fora proton in a spectrum are 4.08 and 40.06 using a 400 
MHz NMR spectrometer. The coupling constant (in Hz) is 


(a) 0.02 (b) 8.0 (c) 8.14 (d) 10.0 

In the 'H NMR spectrum of CH,CH,Cl, the quartet for the CH, group has a coupling constant of 
7Hz. What is the coupling constant for the CH, triplet 

(a) 0 (b) 3.5 (c) 7 (d) 10.5 

Why does the signal for the hydrogen bonded to oxygen in ethanol appear as a triplet in pure 
ethanol and as a singlet in ethanol that contains a trace amount of acid? 

(a) Spin exchange causes spin decoupling 

(b) Electron exchange causes spin coupling 

(c) Proton exchange cause spin decoupling 

(d) Chemical exchange causes spin decoupling 


In a 200 MHz NMR spectrometer, a molecule shows two doublets separated by 2ppm. The 
observed coupling constant is 10 Hz. The separation between these two signals (in Hz) and the 
coupling constant in a 600 MHz spectrometer will be respectively 


Address : 50 Mall Road, 1* Floor, GTB Nagar Metro Station Gate No 3, Kingsway Camp, GTB Nagar, New Delhi, Delhi 110009 [2] 
Contact Us : 9990382567, 7082062392, 9717373074, 8285815185 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


DPP-(12) / 1Н-ММ А 


(a) 600 and 30 (b) 1200 and 30 (c) 600 and 10 (d) 1200 and 10 
A compound С,Н,О, shows an IR absorption at 1685 стг and gives the data: 
'H NMR ô: 3.9 (s, ЗН), 7.0 (d, J = 9 Hz, 2H), 7.9 (d, J = 9 Hz, 2H), 9.9 (s, ІН) 
ВС NMR ô: 55.6, 114.5, 130.2, 132.2, 164.9, 191.0 
MS: 136 (M^), 135, 107, 92, 78 

O 

Y Ох „Н 

С-СН» руе H. ZO 

С 

(а) (b) (c) (d) Both b and c 

OH O-CH; ОСН; 


The intensity of the 'Н.ММК signal is determined in part by the population difference between 
the о and В states, when the strength of the magnet is increased, does the sensitivity of the 
experiment. 


(a) Increase (b) d (c) Same (d) None of these 
The intensity of the 'H NMR signalis determined in part by the population difference between 
the a and states, if the temperature of the sample is increase does the sensitivity of experiment 


(a) Increase (b) Decrease (c) Stay the same (d) None of these 


The intensity of the 'H NMR signal is determined in partyby the population difference between 
the a and f states if 7H was observed instead of ЇН does the sensitivity of the experiment. 


(a) Increase (b) Decrease (c) Remain same (d) None of these 


The intensity of the 'H NMR signal is determined inypart by the population difference between 
the a and p states.. What would be effect on the.sensitivity of the experiment when a sample of 
10 mm diameter is used instead of 5mm. 


(a) Increase (b) Decrease (c) Stay same (d) Can't predict 


The intensity of the 'H NMR signal is determined in part by the population difference between 
the о and В states, what would be the sensitivity of the experiment if the concentration of the 
sample is increased. 


(a) Increases (b) Decreases (c) Remain's same (а) Data insufficient 

The 'H NMR spectrum at 1,4-dioxan -d7 at room temperature consist of (with broadband 
decoupling of ?H) 

(a) singlet (b) doublet (c) two singlet (d) triplet 

The 'H NMR spectrum of 1, 4-dioxan - d7 at -150?C consist of [with broad band decoupling of 
2H]. 

(a) singlet 

(b) two singlet with equal intensity 

(c) two singlet with unequal intensity 

(d) None of these 
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18. 


19. 


20. 


DPP-(12) / !H-NMR 
The aromatic region of 'H NMR spectrum of N-Methyl- 2, 4, 6 trinitroaniline at -60.7°C. 


o MM. o AN 
(с) | (d) ЖА 
The aromatic region of 'H NMR spectrum of N-Methyl- 2, 4, 6 trinitroaniline at room tempera- 
ture. 
е o JJ 
(c) / (d) / \ 


Number of 'H NMR signal in N-methyl 2, 4, 6-trinitroaniline at room temperature. 
(a) 1 (b)2 (c) 3 (d) 4 


XXX 
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DPP-(12) / 1Н-ММ А 


© 


QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


ANSWERS 


1. (b) 8. (с) 15.(a) 
2. (с) 9. (d) 16.(a) 
3. (d) “(b) 17.(b) 
4. (a) p". 18.(a) 
5. (a) 12.(b) 19.(c) 
6. (b) 13.(b) 20.(c) 
7. (с) 14. (а) 


HINT & SOLUTIONS 


1 (b) 
Br H 
Sol. | 1 J~ 15Hz 
H Cl 
Br Cl 
J ~ 10Hz 
H H 
Br H 
J~ 1Hz 
Cl H 
2 (c) 
| 2%5 AL) 


(120 695 1% a 
H 


H3C H 5.90 (1H, а, J = 8.5 Hz) 
BN 
(1.15) æ HC 
PECA НЗС” 107 “о 


Sol (q^? H 


4.53 ІН, q, J= 6 Hz] 
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Sol. 


Sol. 


Sol. 


10. 


Sol. 


11. 


Sol. 


(d) 
7.2 ppm 
H 4.2 (2H, s) 
6.7 ppm H 
OH 
(3.5) 
(3.85) MeO 
(6.8) 
OMe 
(3.9) 
(a) 
(a) 
(b) 


(4.08 — 4.06) x 400 Hz 
= 0.02 x 400 Hz = 8 Hz 


(с) 
(с) 
(d) 
1 ppm = 200 Hz 
1 ppm = 600 Hz 


2 ppm = 1200 Hz 


p" 


DPP-(12) / !H-NMR 


— Coupling constant will remain same no matter which frequency of instrument we used. 


(b) 
Il 

С-Н (9.9, s) 
(7.9) Н, Н, (7.9) 
(7.0) H, Нь (7.0) 

O-CH5 

3.9 (s, 3H) 
(a) 


The energy difference between the о and p states is proportional to the strength of magnetic field 


(the Larmour equation). 


The greater the strength of the magnetic field, the larger the energy difference. As the energy 
difference increases, the population difference between the о and В states also increases and 
greater the population difference, the more intense is the NMR signal that can be observed. So 


signal intensity will be larger in larger magnetic field. 
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12; 


Sol. 


13. 


Sol. 


14. 


Sol. 


15. 


Sol. 


16. 


Sol. 


17. 


Sol. 


18. 


Sol. 


DPP-(12) / H-NMR 
(b) 


The Boltzmann equation also has a temperature dependence. As the temperature is increased, 
the population difference decreases at absolute zero, all the population is in the lowest energy 
state so the population difference is maximum. At infinitely high temperature, the population 
difference is zero so there would be no signal. So, in general, the higher the temperature, the less 
intense the NMR signal. 

(b) 

?H has a lower gyromagnetic ratio than 'H so according to the Larmour equation its resonance 
frequency will be lower reflecting the lower energy gap between the states. As in (I) above, the 
NMR signal intensity would be less if ?H was observed instead of 'H. 


(a) 

The NMR signal intensity basically reflects the amount of the sample in the NMR probe so, 
assuming the concentration of the sample remains constant, the NMR signal intensity will be 
greater if more sample can be put into the spectrometer. 

(a) 


If the concentration of NMR active spins in the sample, is increased, by intensity fo the NMR 


signal increases. 9" 
(a) 


D room temperature 


p D D H 
1, 4-Dioxan is a 6 member ring and adopts a chair conformation (like other 6 membered rings 
such as cyclohexane). In the chair conformation, there are two proton environments and proton 
can be either axial or equatorial. At room temperature, rapid ring flipping causes protons to 
exchange between axial and equatorial sites so the proton spectrum is singlet. 
(b) 
In 1, 4-dioxan-d7, seven out of the 8 protons have been substituted deuterium, leaving only 1 
proton. Again this proton would be expected to be either in axial or equatorial position and at 
low temperature (slow exchange) the protons in axial positions will have a different chemical 
shift to protons in the equatorial sites. 
At low temperature where the ring flip is slow, there will be molecules with the single proton 
axial some with the proton and one corresponding to equitorial protons. The fact that these 
signals are of approximately equal in intensity indicates that there is not significant thermody- 
namics preference to have the proton to be equatorial or axial. 


(a) 


„CH; 

ON N 
N 

H 


H NO? At low temperature exchange is slow 
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19. 


Sol. 


20. 


Sol. 


DPP-(12) / !H-NMR 


At low temperature the molecule “frozen” with the -NH(CH,) group locked in the plane of 
aromatic ring, the aromatic protons are clearly non-equivalent with one of the protons on the 
same side of the molecule as the CH, group on the amine (syn) and one of opposite side (anti). 


At low temperature there are two different aromatic protons and these would couple to each 
other giving the observed two sets of doublets. 


(c) 


ON N 


H NO» fast exchange at high temperature. 


At high temperature the rotation of the NH (CH,) group is rapid and the aromatic resonances are 
averaged to a single. 


(c) 


PF —XXxxxxx 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-13 !H-NMR 


Which of the following will change on changing the conformation of the molecule 
(a) Chemical shift value (b) Number of signals will change 
(c) Number of peaks will change (d) Coupling constant value 

Arrange the following in increasing order of coupling constant value (J) in Hz 


CH,CH,-Li  H,C - CH, - Р H,O CH, -C=N 
I П П 


(a) I5 II > III (b) I > I> I (c) II*T » III (d) II» III» I 
Arrange the following compound in increasing order of coupling constant value (J) in (Hz) 


e 
H,C-CH,-Cl HC- P — OEt H,C- CH, -OEt, 
I II II 
(a) I5 П> Ш (b) If > I> m (c) HI >>I (d) Can't compare 


Arrange the following compound in increasing order of coupling constant (J) in Hz. 


H H H H H 


e X м 


Li Н H;C H RSi H 
(D (II) (Ш) 


(a) I> Ш> II (b) I> I> III (c) WI>H>I (d) II I5 III 
Which of the following have greater coupling constant (J) 


H H H H 

CI 
(D) QD 

(a) I5 II (П >I (c) I2 II (d) Can't predict 
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DPP-(13) / !H-NMR 


Arrange the following compounds in increasing order of coupling constant value 


< к. 
H d ic 
(I) (II) (III) 


(a) I5 П> Ш (b) IIT» II^ I (c) I5 III» I (d) I5 III 5 II 
Arrange the following compounds in increasing order of coupling constant value (J) in (Hz) 


H H H 
OX On OY 
H H 
(1) 


(II) (1) 
(a) I5 II ^ III (b) II» I 5 III (c) I5 III 5 II (d) IL» II^ I 
Estimate the expected splitting (J in ү the lettered protons in the compound 
н а | 
a 
ie. give J, ) 
С] Hy 
(a) 12 Hz (b) 10 Az (c) 16 Hz (d) 0 Hz 
Estimate the expected splitting (J in Hertz) for the lettered protons in the compound 
H СН; 
ie. give J, 
^ H3C H, 
(a) 12 Hz (b) 10 Hz (c) 16 Hz (d) 0 Hz 
Estimate the expected splitting (J in Hertz) for the lettered protons in the compound 
ОСН; 
Ha 
ie. give J, 
Hp 
(a) 12 Hz (b) 10 Hz (c) 16 Hz (d) 0 Hz 
Estimate the expected splitting (J in Hertz) for the lettered protons in the compound 
H. „НЬ 
ie. Give J. c 
a Cl 
(a) 12 Hz (b) 16 Hz (c) -1 Hz (d) OHz 
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12. 


13. 


14. 


15. 


16. 


17. 


DPP-(13) / 1Н-ММ А 


Estimate the expected splitting (J in Hertz) for the lettered protons in the compound 


Ha 
ie. Give J, CY 


H 


b 
(a) 12 Hz (b) 16 Hz (c) -1 Hz (d) OHz 
Ha Hy 
Estimate the expected splitting (J in Hertz) for the lettered proton in the compound 
СН; 

(а) 12 Hz (b) 10 Hz (c) 0 Hz (d) 1 Hz 
Estimate the expected splitting (J in hertz) for the lettered proton in the compound 

Ha Cl 

Hy Cl 


(a) 12 Hz (b) 10 Hz ” ae (c) 0Н» (d) 16 Hz 


In which of the following compounds are you likely to see allylic (^J) coupling? 


H X 
O O 
X y H 
H H 
(A) (B) 
(a) A (b) B (c) Both A and B (d) Neither A nor B 


'H NMR spectrum of an organic compound recorded on a 500 MHz spectrometer showed а 
quartet with line positions at 1759, 1753, 1747, 1741 Hz chemical shift (6) and coupling con- 
stant (Hz) of the quartet are 

(a) 3.5 ppm, 6 Hz (b) 3.5 ppm, 12 Hz (с) 3.6 ppm, 6 Hz (d) 3.6 ppm, 12 Hz 

The Beckmann rearrangement of a bromoacetophenone oxime (C,H,BrNO) gives a major prod- 
uct having the following ‘Н NMR (6, ppm): 9.89 (s, ІН), 7.88 (s, ІН), 7.45 (d, ІН, J = 7.2 Hz), 
7.17 (m, ІН), 7.12 (d, ІН, J = 7.0 Hz) 2.06 (s, ЗН). The structure of the product is 


Br NHCOCH, CONHCH; 
(a) Or (b) 
B 


r 


NHCOCH; Br CONHCH; 
©) (d) т 
Вг 
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Sol. 


QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


(d) 
(a) 
(a) 
(a) 
(a) 
(b) 
(d) 


DU Sw ры. Se 


HINT & SOLUTIONS 


(d) 
(a) 


© 


ANSWERS 


8. (d) 
9. (d) 
10. 

11. 

12. (b) 
13. (d) 
14. (b) 
15. (a) 


16. (a) 
17. (a) 


If electron density increases then the coupling constant value also increases. 


CH.CH,- Li H.C - CH, - SiR 
quy 3 2 3 


8.9 Hz 8.0 Hz 
(a) 


Н.С -CH,-C =N 
7.6 Hz 


If electron density increases then the coupling constant value also increases. 


H,C-CH,Cl H,C-CH,-OEt 


7.2 Hz 7.0 Hz 
(a) 
H H H H 
Li H RSi H 
За 19.8 Hz 14.7 Hz 
З. 23.9 Hz 20.4 Hz 


H H 


H3C H 
10.5 Hz 
16.8 Hz 


[7] 
H,C- CH, ОЕ, 


DPP-(13) / !H-NMR 
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(a) 
H H H H 
Cl H F H 
Sol 3S5, 73Hz 4.7 Hz 
З а 144Hz 12.8 Hz 
6. (b) 
H 
0.5-1.5 Hz 
Sol. 
H 
H 
me 2.5-3.7 Hz 9 
H 
H 
CY 5.1 -7.0 Hz 
H j 
$ 
7. d) 
H 
8.8 — 11.0 Hz 
Sol. 
H 
H 
9.0+12.6 Hz 
H 
H 
CX 10— 13 Hz 
H 
8. (d) 
H Cl 
a 
Sol. : : 


Both H, and H, are chemically and magnetically equivalent. 
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DPP-(13) / !H-NMR 


[5] 


Sol. 


10. 


Sol. 


11. 
12. 
13. 


Sol. 


14. 
15. 


Sol. 


16. 


Sol. 


17. 


Sol. 


DPP-(13) / ‘H-NMR 


HC H 


Both H, and H, are chemically and magnetically equivalent. 


(b) 
OCH; 


Ha 
) Tay = 10 Hz 
Hy 


(c) 
(b) 
(d) 


24 9 
Hy 
H,, Н, are chemically and magnetically equal proton. 
(b) 
(a) 
Structure A would show allyli¢ coupling. The C — H bond orbital is parallel to the II system of 
the double bond leading to móre overlap. A stronger coupling of the two protons results. 


(a) 


AMA 


——————————— 
1759 1753 1747 1741 


1753 +1747 
Chemical shift = EB cu —1750Hz 
1750 Hz 
ӧ(ррт) = ————— = 3.5 ppm 
(PPM) = су MHz PP 
coupling constant = 6 Hz 
(a) 
7.88 9.89 
H H || 
Вг N-C—CH,; (6, 2.06) 
7.47 Н H712 
H 
7.17 


ххххххх 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


ОРР- 14 !H-NMR 


Calculate the frequency in Hertz (Hz) if wavelength if 3800A. 
(а) 7.88 x 10'*Hz (b) 8.6 x 10'^ Hz (с) 7.5 x 10" Hz (d) 6.5 x 10^ Hz 


A molecule normally absorbs in the green wavelength (500 nm). At some temperature, it is 
measured that every 10 molecules in the excited state, there are about 27 molecules in the ground 


state. What is the approximate P s the molecules? 

(a) 270 K (b) 1000.K (c) 500 K (d) 30000 K 

The transition probability for spontaneous emission from state m to state n is given by an expres- 
sion 


4.3 A 
ar (S53 «шў > 1) 
3hc ГА 


where, v... is the frequency of transition, and the termin the parenthesis is the transition dipole. 
Assuming that magnitude of the transition dipole 15#ате for all type of transitions, arrange the 
average lifetimes for the electronic, vibrational and rotational transitions in the proper order. 
(a) electronic < vibrational « rotational (b) vibrational « rotational « electronic 

(c) rotational < vibrational « electronic (d) electronic < rotational ~ vibrational 
Consider a two-state system at thermal equilibrium with equal degeneracy where the excited 
state is higher in energy than the ground state by 0.1 eV. The ratio of the population of the excited 
state to that the ground state, at a temperature for which K,T = 0.5eV is 


(a) 0.13 (b) 1.05 (c) 2.5 (d) 0.85 

The relative population of the state of a two level system at infinite temperature is that 

(a) the upper level is more populated (b) the lower level is more populated 

(c) the two levels are equally populated (d) the upper level is not populated at all 

The energy changes involving the core electrons of an atom or molecule are expressed in 
which region of the electromagnetic spectrum? 

(a) Ultraviolet and visible region (b) X-ray region 

(c) Radiofrequency region (d) Infra-red region 

Which of the following does not affect the broadness of spectral lines of a sample? 
(a) Collision between involved atoms/molecules 


Address : 50 Mall Road, 1* Floor, GTB Nagar Metro Station Gate No 3, Kingsway Camp, GTB Nagar, New Delhi, Delhi 110009 
Contact Us : 9990382567, 7082062392, 9717373074, 8285815185 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


DPP-(14 ) / !H-NMR 
(b) Doppler's effect 
(c) Heisenberg's uncertainty principle 
(d) poth length of a sample 
Which of the following does not affect the intensity of spectral lines of a sample? 
(a) Path length of a sample (b) Population of energy states 
(c) Heisenberg's uncertainty principle (d) Concentration of a sample 


The absorption of light of frequency 1.16 х 10" Hz is required for Co molecules to go from the 
lowest rotational energy level to the next higher rotational energy level. Determine the energy 
for this transition in kJ/mol. (h = 6.626 x 10-“JS). 


(a) 949 kJ/mol (b) 0.0463 kJ/mol (c) 46.3 kJ/mol (d) 7.69 x 107? kJ/mol 


The g, value for Е nucleus is 5.256. Calculate the resonance frequency when it is placed in a 
magnetic field of strength 1.0T (tesla) and В, is 5.0504 x 10 JT". 


(a) 20 MHz (b) 40 MHz (c) 60 MHz (d) 80 MHz 
A NMR spectrometer operating at 60 MHz frequency gives proton spectra at a field of 1.4T. At 


3 
what field would the "B spectrum be observed at 60 MHz. (for “B,I = 2 and s-17920| 


(a) 4T (b) 5T , (c) 6T (d) 7T 

Find the frequency at which a proton NMR spectrometer should be operating under a magnetic 
field 1.8T 

(g = 2.7245 x 2 and up, = 5.05 x 10 7JT^) 

(a) 75 Mhz (b) 80 MHz (c) 85 MHz (d) 90 MHz 

The uncertainty in the NMR frequency of a compound in liquid state (relaxation time = 1s) is 0.1 
Hz. The uncertainty is frequency (in Hz) of same compound in solid state (relaxation time = 107 
^s) is 

(а) 10 (b) 100 (c) 1000 (d) 10? 

What magnetic field strength is required for proton magnetic resonance at 220 MHz, Given: the 
factor ‘g’ proton is 5.585 


(a) 5T (b) 10T (c) 15T (d) 20T 
Calculate the processional frequency of a proton in a field of 1.5T. 
(a) 6.38 x 107 S! (b) 5.3 x IO S"! (c) 4.0 x 105 S7! (d) 3.5 x 10" S! 


Calculate the angular momentum for a proton. 

Given g = 5.585 

(a) 0.9 x 10735 (b) 9 x 107?5JS (c) 8 x 107375 (d) 4 x 10-“JS 

Calculate the magnetic moment value for a proton 

Given g = 5.585, ну = 5.047 x 107JT 

(а) 2.4 х 1072*ЈТ! — (3x107*JT" (c) 5 x 107*JT" (d) 2.4 x 107557T"! 

When external magnetic field (Ho) is applied to odd mass number species, it spins on its own 
axis & magnetic moment is created, it produces 

(a) Precessional frequency (b) Applied frequency 

(c) Radio frequency (d) Vibrational frequency 
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ANSWERS 


(a) " СО 


(c) 12. (a) 
(b) 13. (c) 
(d) 14. (a) 


HINT & SOLUTIONS 


мех тоже Uu px or 
и 
e 
wa 


(a) 
i = 3800 A = 3800 x 103 cm 


с 298xl0"cmsec 
À 3800x 10cm 


=7.88x10* sec! = 7.8x10" Hz 


(d) 
he 
Bw -а 10 La AE/KT _ 10 = e AKT 
n, 27 27 
10 -һс һс 


п-——=-—— a à 
27 AKT 69 


= -34 үс-1 8 21 
Е 6.626x10 JS” x3x10^msec ~ 30.000 K 


500x10°mx1.38x10®IK 30 ) 


15. (а) 
16. (а) 
17. (а) 
18. (а) 


DPP-(14) / 1Н-ММ А 
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Sol. 


Sol. 


Sol. 


Sol. 


DPP-(14 ) / H-NMR 
(a) 


Average lifetime will depend upon frequency only 


V E. > Е > Bes > Eds 


= Ум > Vyp c Via > V 


elec trans 


- AEAT 2^ —a | О : 
2 AE AV 


Or lifetime is inversely proportional to frequency 


=> ies > Za > Zu > Z aec 

(a) 

n, £i G-^E/KST 

Dn, £o 

NEC 
J =e 0.5 

р p" 
ny 0.1 E 
n, 0.05 


> log “1 = —2 3 озова MESS antilog (-0.8684) = 048 
n, 2.303 P, 


Am Ey AE/K;T 
По 80 


If temperature (Т) = о degeneracy is same, then 


n, = n, means two levels are equally populated. 

(b) 

The energy changes involving the core electrons of an atom or molecule in x-ray region of the 
electromagnetic spectrum. 

(d) 

Broadness of spectral lines of sample is affected by collisions between involved atoms/mol- 
ecules, Doppler effect and Heisenberg's uncertainty principle. Path length of a sample does not 
affect the broadness of spectral lines of a sample. 

Correction option is (d). 

(c) 


Intensity of the spectral lines of sample is dependent upon population of energy states, path 
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DPP-(14) / ‘H-NMR 
length of a sample, concentration of a sample. Heisenberg’s uncertainty principle does not affect 
the intensity of spectral lines. 

9. (b) 
Sol. v= 1.16 x 10" Hz (absorption frequency) 


- Transition energy is kJ/mol 


E = hyn, 
= 6.626 x 10% x 1.16 x 10" x 6.023 x 10? 
= 46.3 J/mol 
= 0.0463 kJ/mol 
10. (b) 
бү; ye SxByB  5.256x5.0504x10 7 JT " x .0T КОТ К an MS 
h 6.626x10™ JS i 
1l. (d) 


Sol Уу = operating frequency = 60 x 10° hz 


and 2E = 58 _ 1.7920x ZU sat * 
h h 6.626x109 "IS 


|. 60x10* x 6.626x10 7 JS" 
1.79x5.05x10 7 JT 


—43.93x10^! =4.3T 


12. (a) 
Sol. AE=g.u.B , 
„_ AE _ змив _ 2.21245x5.05x 10 7 JT! x I.8T 
h h 6.626x10*JS ' 
= 7.48 x 10'Hz = 74.8 x MHz = 75 MHz 


13. (c) 


h 
AEAt > — 
Sol. 40 
pA Ape 
4П 


=> Av.At > ES 
ATI 


2. (0.01 Hz) (1 sec) > constant 
(Av Hz) (1075) > constant 

0.1 x 1 = AV x 1074 

AV = 10° = 1000 
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DPP-(14 ) / !H-NMR 


14. (a) 
Av = РВ 
6c-1 -34 
B- Av Е (220x10°S е 15) —517Т 
Ung (5.047 x10 ^ JT )(5.585) 
15. (а) 
LygB 
y 2tNBC 
Sol. h 
-27 -1 
v= (5.047 x10 ^ JT )(5.85)(1.5Т) -638x10 S! 


(6.626 х107 $) 
16. (а) 


h) рь 
Sol. L= ао) Gen 


-34 
=0.866{ 2. — 0-26 x6.626x10 ан 9137 х10 505 
2n 2x3.14 


17. (a) 


Sol. u,-gu,JI( 10) 


4n 
нь (5.585) (5.047x10 7 JT A +) -24x1075]71 


18. (а) 


KKK KK KEK 
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QUANTA CHEMISTRY 
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DPP-15 !H-NMR 


Classify the spin system to which the protons of the following molecule belong (e.g. AX, AB, 
A,X,, An, AA'XX' etc. 


22? 
CH, — Cl 
(a) AX (b) AB (c) AXB (d) A, 
Classify the spin systems to ШТ „Т of the following molecule belong (e.g. AX, AB, 
A,X, A, AA'XX' etc. 


2222? 


(а) АХ (6) А, (с) А, (d) A, 
Classify the spin system to which the proton of the following molecule belong 
Cl 
Cl 
(a) A, (b) A, (c) AX (d) A, 


Classify the spin system to which the proton of the following molecule belong. 


(a) AX (b) ABC (c) ABCDE (d) A, 
Classify the spin system to which the protons of the following molecule belong 
CH, - CH, - CI 

(a) A,X, (b) A, (c) AX, (d) A,X 
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10. 


11. 


12. 


13. 


14. 


DPP-(15 ) / !H-NMR 


Classify the spin system to which the protons of the following molecule belong 


CI 
CI 
H H 
H H 
(a) AX, (b) A,X, (c) AX (d) AX, 
Classify the spin system to which the protons of the following molecule belong 
H H 
HC oN 
| ГО CH, 
O O 
H3C 
(a) AX, (b) A,X, (c) AX (d) AX, 


In case of non-first order spectra A,X, represents as 


(a) AB (b) AX X (d) A,B, 
The NMR spectrum of AX, exhibits.li 6 = 2.1 and 2.3 ppm (for X type protons) and 6 = 4.1, 


4.3, 4.5 and 4.7 ppm (for A type protons), measured from TMS with an instrument operating at 
100 MHz. The chemical shift (in ppm) of A and X protons and coupling constant (in Hz) are 
respectively. 


(а) 4.4, 2.2 and20 (6) 2.2, 4.4and 10 (c) 2.2, 4.4 and 5 (d) 4.3, 2.1 and 20 
Classify the spin system to whiiCh-the protons of the following molecule belong 

CH,BrCHBrl 

(a) AA'XX' (b) A,M,X, (c) AMX (d) AMX, 

The protons of 3-chlorobutyrate ion [CH,CHCICH,CO,] can be labelled as A,MXY spin sys- 
tem. Consider the following statements: 

(a) There are six nuclei in the spin system. 


(b) The 6 nuclei occur at 4 different shifts with one shift environment having 3 chemically 
equivalent nuclei and the others having 1 proton. 


(c) Both a and b 

(d) None of these 

Classify the spin system to which the protons of the following molecule belong 
CH,CH,OCH, 

(a) AA'XX' (b) A,MLX, (c) A, (d) AMX, 
Classify the spin system to which protons of the following molecule belong. 
trans-1,2-dichlorocyclopropane. 

(a) АА'Х, (b) A, (c) AA'XX'M, (d) AA'XX" 
Classify the spin system to which protons of the following molecule belongs 
cis-1, 2-dichlorocyclopropane 

(a) ААХ, (b) A, (c) AA'XX'M, (d) A.MX 
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15. 


16. 


DPP-(15) / ‘H-NMR 


Classify the spin system to which protons of the following molecule belong 


H H 
H H 
Cl Cl 
(a) AA'XX' (b) А, (c) AX, (d) A,X 


Which of the following statement is correct. 

(a) All chemically equivalent protons are magnetically equivalent 

(b) All magnetically equivalent protons are chemically equivalent 

(c) Both a and b 

(d) No relation between chemically equivalent proton and magnetically equivalent protons. 


KKK KK KK KK 


p" 
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ANSWERS 


1. (d) 8. (d) 15. (a) 
2. (d) 9. (a) 16. (b) 
3. (d) 10. 
4. (d) SU 
5. (b) 12. (b) 
6. (c) 13. (d) 
7. (d) 14. (d) 
y 

HINT & SOLUTIONS 

(d) 


The spin system which gives singlet signal in NMR spectra, the notation will be А, n is number 
of equivalent proton. 


(d) 

The spin system which gives singlet signal in NMR spectra, the notation will be A . 
In benzene 6 hydrogens are equivalent is 

It is A, system. 


(d) 
(d) 
(b) 
CH, - CH, - Cl 
X, A, 
(c) 
(d) 
HA 
(хед. x: 
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Sol. 


Sol. 


10. 


Sol. 


11. 
12. 


Sol. 


13. 


Sol. 


14. 


Sol 


DPP-(15) / H-NMR 
(4) 


In case of non-first order pattern instead of Х we use B for popple notation 
АА'ХХ' = АА'ВВ' 

A,X, = АВ, 

(а) 


АЛ 4543 41 2.3124 


44 22 
J = 0.2 ppm 
Coupling constant in Hz = 0.2 x 100 = 20 Hz 
(с) 
н; P p 
Br-C —CH-I 
a Br 
Br-co-6-4 
Hp He 
AMX system , 


the molecule has a chiral centre so the protons of the CH, group are prochiral hence they are 
chemically non-equivalent. 


(c) 
(b) 
CH,CH,OCH, 
A, M, X, 
(d) 

Hx 


Cl Cl 
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15. (a) 
HA 
Cl Hy 
Sol. СІ Ну, 
Hy 
16. (b) 
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юж: 


9*5 


DPP-(15 ) / !H-NMR 
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QUANTA CHEMISTRY 
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Assignment Sheet - ЇН NMR 


Addition to HBr to an unsymmetrical alkene propene CH, — CH = CH,, could follow 
Markovnikov’s or anti markovnikov’s rule depending on experimental conditions. 


Antimarkonikov’s rule represent the spin system 


(a) А,В, (b) AA'MM'XX' c) AM,X, (d) АХ, 
Match the 'H NMR spectral data following eight membered ring compounds 


Column P Column Q 


(i) ( 3 (A) ò= 1.20, 1.70 (m, 4H), 1.9-2.50 (m, 4H), 5.35 - 5.94 (m, 4H) ppm 
y 


(ii) (B) б =5.7(s) 


(ili) 


(C) 8 = 1.54(s) 


(iv) (D) 6 = 2.40 (m, 8H), 5.60 (m, 4H) 


OOO 


(a) @-С, (i)-B, (ш)-А, iv-D 

(b) ()-D, (ai)-C, (ш)-В, iv-A 

(c) ()-B, (1)-А, (ш)-Р, iv-C 

(d) (1)-A, (1)-В, (ш)-Р, iv-C 

Treatment of the compound (A) with aqueous acid gives compound (B) with IR stretch at 1725 
cm апа 'H NMR displays a signal at 6 = 9.5 ppm. Give the structure of the compound 

IR: (CCL) 1725 сп! 

'H NMR, 8 = 9.5 (1H) 
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OH " 
ISO H0 
H,O (B) 
OH 
(A) 
OH OH O 
(a) (X. su. 3b O (c) "o 9 CH; 


Trans cinnamic acid on attempted hydroboration (BH,. THF) gives a product which in its infra- 
red spectrum shows bands at 1660 (weak) 3040, 970 (strong) and 3349 сп! (strong) with the C 
= О stretching missing. The 'H NMR has a new two proton doublets appears at б = 4.1 ppm. 
Assign a structure to the reaction product. 


Ph H Ph COOH 
Nast bd 
(a) = © LAN 
H COOH p" H H 
ў 
Ph 7 
(c) PR n" bor a 
2 


Propiophenone on treatment with, m — CPBA in dichloromethane gives a single product 
IR data: 1445 cur! (s) 

'H NMR: 6 (2.4 ppm, 2H, q) 

Predict the structure of the compound. 


O 
T 


Cx 
(a) HCH; Bo 
0 
(6) њоњ-о-0(0)) 


О 


AO 
^rO 
(d) 


O 
A compound (C,H,,0,), shows a molecular ion at m/z = 150 and a base peak at m/z = 135. Its 
infrared spectrum shows a strong band at 1680 cm“. Its 'H NMR spectrum shows signals in 
three distinct regions at 6 = 2.3 (3H, singlet); 3.6 (3H, singlet) and 6.4 — 7.5 (4H, a pair of 
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Assignment Sheet / !H-NMR 
doublet J = 8 Hz) ppm. Assign a structure. 


Q 
С-СН» 


(а) (b) 


H3C 
OCH; 


„О 
Aa 


C 
(c) O (d) Both a and b 
H3CO 


An organic compound C,H,O shows absorption bands at 2825, 2717 and 1700 cm in its infra- 
red spectrum. Its mass spectrum M? m/z = 120 shows two base peaks at m/z = 119 and 91. The 


'H NMR spectrum show signals at 6 = , singlet 7.1 - 7.9 (4H, as a pair of doublets J = 8 
Hz) and 10.0 (1H, s). Assign a sta of this compound. 
O O 
CH H 
(a) 1 (b) 
H3C ГА H4C 
O 
O 
H 

(c) Н (d) 

CH; CH; 
What spectral 'H NMR data are expected from phenylacetylene. 
(a) 6 = 7.3 (SH), 6 2 2.9 (1H) (b) 825.3 (5H), ӧ = 1.5 (1H) 
(c) 6 = 8 (5H), 6 = 3.9 (1H) (d) ô= 7.6 (5H), 6 = 4.9 (H) 


Acetone on reaction with vinyl magnesium bromide gives a compound with a typical 12 line 
pattern in the region 6 = 4.8 — 6.2 ppm, apart from a OH proton 6 = 2.6 and 6H singlet around 6 
= 1.3 ppm. A new compound is formed on long aqueous acid treatment of the initial product, 
with 'H NMR signals at 5 = 1.70 (s, 3H), 1.79 (s, 3H), 2.25 (broad s, 1H), 4.10 (d, J 2 8 Hz, 2H) 
and 5.45 (t, J = 8 Hz, ІН) ppm. What is the structure of the second product? 
i 
(a) CH, = CH - MgBr (b) H4C—C-CH; 
H4C—C-C(CH3); 
H | 


(c) (d) HO — CH, - CH = CH (CH), 


OH 
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10. A hydrocarbon in its mass spectrum showed molecular ion at m|z = 134 and prominent frag- 
ments at m\z = 119 and 77. The spectral data for this compound is as follows 


'H NMR: 6 =7.02 (s, 4H), 2.82 (triplet, f= 7Hz, ІН), 2.28 (s, ЗН) and 1.22 ppm (d, J = 1Hz,6H); 
UV, |, (E) = 265 (450), IR bands at 3030, 2970, 2880, 1515, 1465 and 813 cm! 
What is the structure? 


СН»СН» СН»СН» CHCH; 
CH; 
b d) Both db 
(a) cH ® (c) (d) Both a an 
CH; СН; СН; 
11. Consider the following statements for AB spin system. 


(a) Chemical shift difference is small 
(b) chemical shift difference is high. 
(c) chemical shift is equal (d) None of these 
12. Magnetic equivalency means that = en a particular set of chemically-shift equivalent 
nuclei has the coupling cons to every other nucleus in the molecule. 
(a) same (b) different (c) can't compare (d) independent 
13. For observing first order multiplets, the ratio of the difference in chemical shift A. in Hz of the 
coupled nuclei in therir coupling constant J must be greater than ____ 
(a) 1 (b) 2 (c) 5 (d) 8 
14. When the values of J of all the neighbouring hydrogen nuclei coupling with the nucleus of 
interest is identical, the analysis is ....... order. 
(a) first (b) second (c) third. (d) None of these 
15. Diastereotopic protons have generally ....... chemical shifts from one another. 
(a) same (b) different (c) higher (d) lower 
16. еп neopentyl alcohol (CH,), CCH,OH is heated with H,SO, it gives a mixture of two hydro- 


carbons each with a molecular formula С.Н, . Both the isomers react with Br, | CCI,. The pre- 


dominant product gives a signal at 6 = 5.2 (1H) ppm. What is the structure of the major product? 
Are there any diastereotopic hydrogens in the major product? 


Heg E 7 geminal СН» groups are diastereotopic 
(a) aN ' (non-equivalent) 
H3C СН; 
H3C, ; 
(b) „С=С. , No diastereotopic protons are present. 
3C СН» 
H CH; 
“сес ‚ geminal hydrogens аге diastereotopic 
(с) u^ Hy C-CH; (non-equivalent) 
(d) Both a and c 
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17. 


18. 


19. 


20. 


Assignment Sheet / !H-NMR 
A compound C H,O, shows the following spectral data: 


IR: strong bands at 1742 and 1200 cm 

'H NMR: 13H singlet at 6 = 3.66, a two quartet at 2.32 and a 3H triplet at 1.1 ppm. 
ji || 

(9) н,с-С—о-Сн,сн, © н,с-о—С-Ссн›сн» 


| H 


п Ho H Н, 
©) н,с-с—сС -CHOH © 


H,C-C’-C—C —OH 
A compound C,H,NO, shows the following spectral data: 
'H NMR: 6 7.5 ppm (2H, d) 

6 8.2 ppm (2H, d) 

6 4.0 ppm (1H, q) 

6 1.6 ppm (3H, d) 
(a) Ethyl 4-nitrobenzene (b) Ethyl 3-nitrobenzene 
(c) 2-(4-Nitrophenyl) propanoic acid (d) Both a and b 
In the photochemical reaction 


CHO m p 
— [X] 
om” 
CH4O CH; 


formation of the compound X can be inferred by the disappearance of the 'H NMR signal at 'H 
NMR signal at 'H NMR spectrum of the starting material: 

5 9.7 (1H, s), 7.8 (1H, D, J= 8:0 Hz), 7.1 — 6.8 (2H, m), 3.9 (3H, s), 2.5 (ЗН, s) ppm] 

(a) 6 9.7 ppm (b) 8.7.8 ppm (c) 6 3.9 ppm (d) 6 2.5 ppm 

Compounds Y and Z, respectively are 


O 
(a) Д Y and vou 
О НО 
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21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


Assignment Sheet / !H-NMR 


Compound Y and Z can be differentiated by carrying out basic hydrolysis, because 
(a) Y produces 4-methylphenol and Z is unaffected. 

(b) Y produces 4-methylphenol and Z produces-4-methyl benzoic acid 

(c) Y is unaffected and Z produces 4-methylbenzoic acid 

(d) 4 is unaffected and Z produces 4-methyphenol. 


The increasing order of chemical shift of the indicated proton in the following series of com- 
pounds is: 


H 
о" е" O” 
І П Ш 


(а)1< П < Ш (b) Ш< II «I (OI«II«II (d) II « II «I 

The !'H NMR chemical shift of CH, - E, CH, - Cl, CH,Br, CH, are 

(a) 2.15, 2.68, 3.05, 4.26 (b) 4.26, 3.05, 2.16, 2.68 

(c) 4.26, 3.05, 2.68, 2.16 2.16, 3.05, 2.68, 4.26 

Which technique can be used to af ..... between isophthalic and terephthalic acids? 
(a) "C NMR spectroscopy (b) IR spectroscopy 

(c) Mass spectrometry (d) UV-vis spectroscopy 

Cis and trans cinnamic, acids can be most readily distinguished and identified by 

(a) IR spectra n 

(b) UV spectra 


(c) chemical shift of the olefinic hydrogens 
(d) coupling constant of the olefinic hydrogens 


The low temperature ‘Н NMR spectrum of the fischer carbene complex [(CO),Cr(C(OCH,) Me] 
shows for the methoxy group 


(a) Two singlets of unequal intensity 

(b) Four resonances in the ratio 1 : 3:3: 1 due to coupling with Me group 
(c) One single resonance for the methyl group 

(d) Three peaks due to different environments for each H one the CH, group 
Which of the following is not a true statement? 


(a) “clean” splitting patterns require the chemical shift difference between peaks to be at least 10 
times the coupling constant. 


(b) Coupling constants do not depend on the operating frequency of the NMR. 
(c) There are more hertz/ppm on a 360-MHz NMR than on a 60-MHz NMR 
(d) Spectra taken at higher operating frequency have resolution. 


An organic compound C,H, № (MS shows an odd molecular weight 121) shows the following 
spectral data: 


IR: Sharp band around 3400 cm”; absorption above 3000 cm"! and below 3000 cm~; band 
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29. 


30. 


around 1400, 1500 and 1600 ст” and two strong band around 700 and 750 cm 

'H NMR: A five proton multiplet 6 = 1.2 and 6 = 3.1 ppm respectively; a sharp singlet (1H) at 6 
= 3.3 ppm 

MS: A base peak at m/z = 106 


HN-CH; 


H 
ne NH Ссн, 
(а) Ó (b) Ó (c) © (d) © 


Find the possible structure Molecular formula : С.Н О, 
1H (dt, J = 16, 7.2 Hz), 7.10 ppm 

1H (dt, J 2 16, 2Hz), 5.9 ppm 

2H (q, J = 7.2 2Hz), 4.1 ppm 

2H (m), 2.1 ppm 

3H (t, J = 7.2 Hz), 1.25 ppm 


3H (t, J = 7.2 Hz), 0.9 ppm Ss” 


О 
H р. 
о— О 
(a) NY CHCH; (b) 
H О ч 
ГА Н 
О 
1 $ н о 
" E | 
(c) 04 (d) 
O—C 
H H B У 


Find the possible structure 
8.0 (dd, J = 2Hz, 1Hz, 1H) 
8.0 (dd, J = 7Hz, 2Hz, 1H) 
6.2 (dd, J = 7Hz, 1Hz, 1H) 
4.7 (S, 2H, D,O exchangable) 


МО» МО» 
Вг NO; NO; 
Br 
(a) (b) B (c) (d) 
r 
NH, NH, WN 


Br NH, 
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31. 


32. 


Assignment Sheet / !H-NMR 
Find the possible strcuture 
IR data : 1690 cm'! 
'H NMR data : 
2.5 ppm, 3H(s) 
3.8 ppm, 3H, ($) 
6.9 ppm, 2H (d, J = 8Hz) 
7.8 ppm, 2H (d, J = 8Hz) 


OMe 


\ 
у 


(с) (d) 
OMe 


An organic compound (C, н? О.) exhibited the following sepectral data : ІК : 3400, 1680 cm 
IN NMR : 6 7.8 (1H, doublet, J = 8Hz) 

ô 7.0 (ІН, doublet, J = 8Hz) 

ô 6.5 (ІН, singlet) 

5.8 (1H, singlet, D,O exchangeable) 

3.9 (3Hm singlet) 

2.3 (3H, singlet). The compound is 


O HO 
HO 
opm o Фу 
Me Me O 
О HO n 
MeO 
(с) Н qq) Me 
OMe OMe 
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33. 


34. 


35. 


36. 


37. 


38. 


39. 


Assignment Sheet / !H-NMR 


A compound with molecular formula С.Н O,, has strong infrared absorption at 3300 to 3400cm- 


'. The 'H NMR spectrum showed three singlets at ё 0.90, 6 3.45 and 8 3.20 ppm; with relative 
areas 3 : 2 : 1. Addition of D,O to the sample eliminates the lower field signal. The ^C NMR 
spectrum shows three signals all higher than 6 100 ppm. Which of the following compounds 
best fit this data? 


(a) 1, 5-pentanediol (b) 1,3-dimethyl —1, 3 — propane 

(c) 2, 2 — dimethyl -1, 3-propanediaol (d) 2, 4-pentanediol 

The 'H NMR of 1, 1-dibromo ethane consists of two well-separated signals, one large and 
another one small. Which one of the following statement is correct? 

(a) The large signal is a quatet and a small signal is a doublet 

(b) The large signal is a triplet and a small signal is a singlet 

(c) The large signal is a singlet and the small signal is a triplet 

(d) The large signal is a doublet and the small signal is a quaulet. 

Identify the structure of the compound given 


'H NMR Data : 6 1.32 (12 H) 
6 1.72 (2H) 
6 4.29 (2H. 
(a) 2, 4-pentanediol (b) 1,3—dimethyl -1, 3 — propane 


(c) 2, 2 – dimethyl —1, 3-propanediaol (d) 2, 4-dimethyl —2, 4 — pentandiol 

What is the separation in hertz between the triplet and the quartet obtain at ӧ 1.21 (triplet, J = 6.9 
Hz, 6H), 3.48 (quartet, J 2.6.9 Hz, 4H). 'H NMR spectra recorded at 250 Hz. 

(a) 568 Hz (b) 09 Hz (c) 600 Hz (d) None of these 


Use the data given in one to 10 then what would be the separation if the spectrum were run at 
400 MHz? 


(a) 400 MHz (b) 568 Hz (c) 668 Hz (d) 909 Hz 
What is the ratio of intensities in a Septet? 

(а) 1:1:1:1:1:1:1 (b) 1:6:15:25:15:6:1 

(c) 1:6:15:20:15:6:1 (d) 1:7:15:20:15:6:1 


What is the intensity ratio of peaks given in the figure below if the coupling constant 2] „ and 3J,. 
were accidently equal? 


3J 
« ab > 
Joc E. 
(a) 1: 1:1:1 (b) 1:2:2:1 
(c) 1:3:3:1 (d) 1:2:1 
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40. 


41. 


42. 


Assignment Sheet / !H-NMR 
The 'H of an unknown compound with mdecular formula C,H,FNO, consists of signals at 
ô 7.19 [doublet of doublet (dd), J = 9 and 8Hz, 2H 8.20 (dd, J = 9 and 5H, 2H) 


The proton -decoupled 20MHz "С spectrum for the compound is shown in figure 8.14 and 
consists of lines at 6 116.0, 117.2, 126.3, 126.9, 144.9, 160.3, and 173.1. 


Predict the structure of the compound 


F F 
H NO, H H 
ET H ET NO, 
H H 
F 
H Ha 
(c) H H, (d) None of these 


NO, 
A 400 MHz 'H — NMR spectrum of organic compound exhibit a doublet. The two lines of the 
doublet are at 6 2.35 and 2.38 ppm. The coupling constant (J) value is 
(a) 3 Hz (b) 6 Hz (c) 9Hz (d) 12Hz 
= 12Hz 


What is the molecular structute-of a conjugated enone C,H,O which shows the following ‘Н 
NMR signals in СОСТ? 


6 2.20 multiplet, 6H, J = 6.5, 3.9, 1.5 Hz 
6 5.90 doublet, ІН, J = 10.0, 1.5 Hz 
6 6.98 multiplet, 1H, J = 10.0, 3.9 Hz 


O 


O 
(a) (b) >A 
(с) T= (d) S 


XXXXXX 
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ANSWERS 


1 (с) 12. (а) 23. (с) 34. (d) 
2. (с) 13. (d) 24. (а) 35. (d) 
3. (c) 14. (a) 25. (d) 36. (a) 
4. (c) 15. (b) 26. (b) 37. (d) 
5. (a) 16. (c) 27. (c) 38. (c) 
6. (a) 17. (b) 28. (d) 39. (d) 
7. (b) 18. (c) 29. (a) 40. (c) 
8. (a) 19. (a) 30, (b) 41. (d) 
9. (d) Dost) 31:0) 42. (a) 
10. (c) 21. (b) 32. (d) 

11. (a) 22. (a) 33. (c) 
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HINT & SOLUTIONS 


1 (c) 
CH, = CH – СН; + HBr ——> H,C-CH-CH; or CHCH; - СН» + Br 
Br 
BOE Antimarkonikov's 
Product 
CH, - CH, - CH, - Br 
А, М, X, 
4 
A,M,X, 
2 (с) 
H p" 
One kind of hydrogens 
Sol. (8 = 1.54 ppm) 
(single peak) 
Ё / 
One kind of hydrogens 
(6 = 5.70 ppm) 
(single peak) 
6 = 2.40 
И P = 5.60 
Е Н Two different kinds of hydrogens 
(Two peaks one for the hydrogens 
attached to double bonds and other 
for allylic methylene groups) 
6 = 5.35 — 5.94 ppm 
NTN 
H H 


Н == ô = 1.9 - 2.50 ppm 
four different kinds of 
H > §=1.2-1.7 ppm hydrogens 
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(c) 
O 
+ 
—— —— _ 
ОН О 
© 2 
(с) 


The two proton doublet at 5 = 4.1 ppm shows the presence of a methylene group in the allylic 
position. 


(a) 


O O 


po Cw 
оо m-CPBA н cuc о С`СН›СН; 
Е) 
CH;CL is OF O 
Ethylphenyl Ketone p" Major 
(Propiophenone) 


IR = 1745 сш! 


SE 
T k 


po 
ОГ `“Сн›СН» 


2.4 ppm 


(a) 

A strong С = О stretch at 1680 cm" shows the presence of a conjugated С = О. That the conju- 
gation is with a phenyl group, and the presence of a 3H singlet at 6 = 2.3 ppm for CH,C = O 
group shows the presence of grouping ArCOCH, in the compound. The 3H singlet at 6 = 3.6 
ppm is due to -OCH,. 


The presence of 4H p-disubstituted benzene ring. 


The compound thus comes out to be p-methoxyacetophenone the base peack at m/z = 135 in the 
mass spectrum is due to the loss of methyl radical leaving a resonance stabilized acylium ion. 


'c20s czo 


OCH; :OCH; 
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Sol. 


Assignment Sheet / !H-NMR 
m/z = 135 base peak. 


(b) 

* The carbonyl group (band at 1700 cm’) is the aldehydic C = O stretch since the IR spectrum 
also displays aldehydic C -stretch (2225, 2717 cm ^). Normal aldehydic C = O stretch is around 
1725 cm, the conjugated C = O stretch is expected to be around 1700 cm’. 


• 0 = 10 ppm confirm the presence of an aldehyde 

* The chemical shift value for the four protons 6 = 7.1 — 7.9 ppm is not only in the benzene 
region, but their presence as a pair of doublets separated by a large ortho-coupling constant 
shows the presence of two different para substituents. 

• The first base peak at (Mt - 1) at m/z = 119 is due to loss of a hydrogen atom from the 
molecular ion to give an acylium ion. The second base peak at m/z = 91.s 


0209) ezo- 
+ 
@ -H e 
——— Fo — 
-91 
OCH; CH; CH, dd 

m/z = 120 m/z = 119 
(a) 
6 = 7.3 (5H), ppm (1H) (мо а шей benzene) 
б = 2.9 (1H) ppm (Alkyne C — H) 
(d) 

6 = 1.3 
H 7 


| 
H C=C-MgBr + H3;C—~C—CH3 —- H;C—C—C(CH3) 
H Ye" 
6=48-6.2 OH 


6 = 2.6 
ze + + H 
НС=С— (СНз) == H,C-C-C(CH)); ж HyC-C=C(CH;)) —— 
d н еВ 
ОН, e. 
Diastereotropic 
CH a methyls 
H, H H, H останаа 


HO—C -C=CH(CH;), HO-C '—с=с- СН; 


6=41 6=54 
d t 
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10. 


Sol. 


11. 
12. 
13. 
14. 
15. 
16. 


Sol. 


17. 


Sol. 


18. 


Assignment Sheet / !H-NMR 
(c) 


From among the spectral data, UV absorption typically shows that the compound contain the 
benzene ring (B band), its p-disubstituted nature is revealed by the out of the plane C — H bend- 
ing at 813 cm. 'H NMR data clearly confirm the presence of methyl on a benzene ring and 
isopropyl group. 


CHCH; 
СН; 
p-Isopropyltoluene 
(a) 
(a) 
(d) 
(a) 
(b) 
(c) p" 
СН; H CH; 
H | О дод H P. 2 
H3;C—C—C uo (2) CH, shift УУ _ 
CH; 
СН; Ll 
H H ВС H 
w 5 Хез чн 
жЕ а V MERE. 
H H5C—CH5 H3C CH; 
Major product 


Minor product 
The geminal CH; groups are 
diastereotopic (non-equivalent). 


(b) 


IR band at 1742 
P d 


i 
H4C-0—C —CH5CH; 
|_| Ll 


2:00 252 7 


(с) 
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Assignment Sheet / !H-NMR 


СН; 
CH—COOH 
Sol. 
NO, 
2-(4- Nitrophenyl propanoic acid 
19. (а) 
Common data for question 10 and 11 
IR: 1680 cm! 
'H ММВ: 67.8 ppm (2H, d, J = 7.5 Hz), 7.2 (2H, d, J = 75 Hz), 2.7 (ЗН, s) and 2.4 (3H, s) 
Compound X on treatment with m-chloroperbenzoic acid produced two isomeric compounds Y 
(major) and Z (minor). 
20. (b) 
21. (b) ” 
О Ө OH 
УГ он 
———À 
Sol. о [но 
м phenol 
O O 
Ө 
OMe OH 
ol 
H,O 
4-methyl benzoic acid 
22. (а) 
Sol. Proton attach to more electronegative atom is more downfield. 
23. (c) 
So. CH,-E CH,-CL CH,-Br CH. 
4.26 3.05 2.68 2.16 
24. (a) 
non cr 
Sol. COOH 
Isophthalic terepthalic 


Both having different number of non-equivalent carbon atoms. 


Address : 50 Mall Road, 1* Floor, GTB Nagar Metro Station Gate No 3, Kingsway Camp, GTB Nagar, New Delhi, Delhi 110009 [16] 
Contact Us : 9990382567, 7082062392, 9717373074, 8285815185 


Assignment Sheet / H-NMR 


25. (d) 
HA HA i 
Sol. Hg H O 
Jap ~ 15 to 16 Hz Jag ~ 10 to 12 Hz 
26. (b) 
24. (c) 
28. (d) 


1.2 


Sol. 
H multiplet at 6 = 6.5 — 7.5 ppm 
+ + 
H,C-8-CH, | tis 
| p 
ol 052 
H H 
m/z = 106 
29. (a) 


Sol Ј= 16 {.. trans alkene is present} 


5.9 ppm 


H 
(m, 2.1) 
2% O- CHISCH, 
(t 0.9 | 


ppm) H O 
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30. 


Sol. 


31. 


Sol. 


32. 


Sol. 


33. 


Sol. 


Assignment Sheet / !H-NMR 


(b) 
NO, 
(8.0, J = 7Hz) H Нь (8.0 dd, J = 2Hz) 
a 


Ho Br 
(6.2, J =7Hz) NH, 


(S, 2H, DO exchangable) 


(b) 
(7.8 ppm, 2H (d = J = 8Hz) 
Ha O 
(6.9 ppm) Ң, СН; 
(ЗН, (8), 3.8 ррт) 
Ме Ha(7.8 ppm, 2H (d = J = 8Hz) 


(2.5 ppm, ЗН) Hy 


(6.9 ppm) 


(d) 
70 [1 


H 
(59) B Ha 7.8 


О — IR bandat 1680 cm: 


Hc Me 
654 OMe 23 


3.9 


(с) 
2, 2 — Dimethyl –1, 3— prandiol 
OH CH; OH 


H,C—C——CH, 


CH; 
6H — Singlet 
4h — Singlet 
2H — Singlet 
Integratio ratio г. HOS AD 
З 
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34. 


Sol. 


35. 


Sol. 


36. 


Sol. 


37. 


Sol. 


38. 
39. 


Sol. 


40. 


Sol. 


Assignment Sheet / !H-NMR 
(d) 


H43C—C- Br 
H 


|} 


doublet quautet 


Doublet is higher intensity because intensity depend upon number of hydrogen present so the 
large signal is a doublet and a small signal is a quartet. 


(d) 
CH, CH 
H4C C—C— CH; 
Н, 
ОН ОН 


12H of — CH, Groups are chemically equiyglent gives signal at б 1.32 (12H) 
2(—OH) protons shows signal at 


2H of — CH, shows signal at 1.72 | 

(а) 

Separation in Hertz = (difference in chemical shift) x frequency of Instrument 
(3.48 — 1.21) x 250Hz 


= А08 Hz. 
(d) 
568Hz 250 
(AV,) 400 
(AV,) = 568 Hz x 400 | 009 Hz 
250 
(c) 
(d) 


The two middle lines would be super imposed to give a triplet with line intensities 1 : 2: 1 


(с) 


1 
With fluorine 1 = z) present there are going to be extra coupling Interactions! The two doublets 


of doublets in the 'H spectrum are in aromatic region, with two of the four hydrogens in each. 
The ЗС spectrum has seven lines for six carbons ; the extra lines must be due to coupling between 
carbon and fluorine. The four lines from 6 116 to 127 suggest a monosubstituted and para- 
disubstituted aromatic ring. Yet, if there are six carbons in the structure, all of them must be part 
of aromatic rings. Yet, requires that the signals in the region 6 145 — 173 also represent aromatic 
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Assignment Sheet / !H-NMR 


carbons, ones that are highly deshielded by substituent groups. 

The signal for Ha should occur at б 7.14 and should be split into a doublet (Бу F) of doublets (by 
H,). 

The reason that H, is split by only the H, ortho to it (and the H, para to it) 

Similarly H, signal is predicted to appear at 6 8.20 split into a doublet by H . 


F 
H ^ Ha 
2 
H 3 Y4 Hp 
NO, 
41. (d) 
2.38 2.35 
Sol. 
The gap between the two lines of Pp m — 2.35) 
= Q0.03ppm 
Chemical shift value in Hz = (0.03 x 400) Hz 
EP" 12 HŽ 
42. (a) 
Sol. C,H,O / 


DBE = 6-2+1=3 


Coupling constant 10Hz indiactes that the double bond is cis double bond. 


O 
H Ha 5.90 ppm, doubled 
H 
H H Нь 6.98 ppm, multiplet 
N 4 


XXXXXX 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP- 1 IRSPECTROSCOPY 


What is the wavelength range of infrared radiation? 


(а) 710 nm to 1 mm (b) 810 nm to 1 mm 

(c) 910 nm - 2 mm (d) 430nm- 1 mm 

What is the frequency ofthe infrared radiation? 

(a) 430 THz - 300 GHz (b) 450 THz- 350 GHz 

(c) 530 THz - 400 GHz (d) 400 THz - 200 GHz 

Infrared radiation is an example of 

(a) transverse wave (b) longitudinal wave 

(c) both of these (d) None of these 

Infrared light is also known as 

(a) Thermal light (b) Monochrome light 

(c) Dual light (d) Sunlight 

How many types of IR scanning range? 

(a) 1 (b) 2 (c) 3 (d) 4 
Which ofthe following solvent is not17 used in IR spectroscopy? 

(a) H,O (b) ССІ, (c) CS, (d) CHCl, 
Which compound can have same pattern of absorption in finger print region? 

(a) Isomers (b) Diasteromers (c) Enantiomers (d) Isosters 
IR spectrum is the plot of 

(a) % transmission v/s wave number (6) % transmission v/s frequency 
(c) Absorbance v/s wavelength (d) Emission intensity v/s wavelength 


Why KBr is used in IR spectroscopy 
(a) Dipole moment of KBr is zero (b) Temperature resistance substance 
(c) IR inactive substance (d) All of these 
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1 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


2 


DPP-(1) / IR Spectroscopy 
Which type of energy transition is shown by IR-spectrum? 
(a) rational (b) vibrational (c) Bond-breaking (d) Electronic 
As wave number increase energy 
(a) Decrease (b) Remains constant (c) Increases (d) Norelation 


In infrared spectroscopy samples can be prepared by using- 


(a) Sodium chloride (Nacl) (b) Potassium bromide (KBr) 
(c) Nujol mull (d) All of these 

Infrared spectroscopy is 

(a) Absorption spectroscopy (b) Emission spectroscopy 
(c) Transmission spectroscopy (d) None of these 


A typical infrared (IR) spectrum is divided into 2 parts namely the left part with absorption peaks at 
4000-1500 cm and the right part with the absorption peaks at 1500-500 cm. Beginners in this field 
only study the left part. The right part is studied by expert spectroscopists. What is the name give to this 
right part? 

(a) Unsymmetrical region =" (b) Stretching region 

(c) Finger print region (d) Complex splitting region 

Bond stretching frequencies depends on two major factors, namely atomic weight and bond stiffness. 
The frequency absorbed is directly proportional to the bond strength (stiffness) but inversely proportional 
to the atomic weight. Which of the following bonds will give the highest absorption value? 


(a) All of these will give the same frequency 
(b) C single bond C 

(c) C double bond C 

(d) C triple bond С 


As suggested by it name, an infrared spectrometer uses infrard electromagnetic radiation in its machine. 
This infrared radiation will result in which molecular activity? 


(a) Molecular movement (b) Molecular ionization 
(c) Molecular vibration (d) Molecular Rotation 


One ofthe unit of measurement used for the wavelength of molecular absorption is micrometer. Its 
symbol is the Greek latter lambda. A more common unit is measured in cm !, which is defined as the 
number of complete loops in 1 cm. Its symbol is nu bar. What is the unit called? 


(a) Frequency number (b) Hertz number (c) Wave number (d) Loop number 


XXXXX 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP- 1 IR SPECTROSCOPY 
ANSWER & SOLUTONS 


l. (а) - (a) п. (© 16. © 
T 17. (с) 
2. (а) 7А (с) же” 12. (d) 
3. (b) 8. (a) 13. (a 
4. (a) 9. (d) 14. (с) 
5. (с) 10. (b) 15. (4 
1. (а) 
2. (а) 
(b) 
Sol Heat waves — infrared radiation — are longitudinal wave. 
Correct option is (b) 
4. (а) 
5. (с) 
Т 
Sol. р 
Near IR Mid IR Far IR 
12500-400 cm” 4000-400 cm ' 400-10 cm” 
Correct option is (c) 
6. (a) 


Sol. Water can not used as a solvent for IR spectroscopy because: 


Water has two strong infrared absorptionpeaks. Water is a strongly polar solvent that dissovles the 
alkali halide commonly used for IR. 


- "A 
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DPP-(1) / IR Spectroscopy 


7 (с) 
(а) 
(d) 
10 (b) 
11 (с) 
Sol Е=һу 
Е= те E œ V (wave number) 
E = hev E œ - (wavelength) 
Correct option is (c) 
12. (d) 
13. (a) 
14. (c) "s 
15. (d) 
16. (c) 
17. (с) 


XXXXX 
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QUANTA CHEMISTRY 


An Institute of Chemical Sciences 


DPP-2 IRSPECTROSCOPY 


Match the correct stretching frequencies of following bonds. 


Bond Frequency 
(a) С-Н | (1) ~3350 
(b) O-H | (ii) ~ 2950 
(c) М-Н | (11) ~ 3400 
(d) C=C | (iv) ~ 2200 


(a) a-(i1), b-(i1i), c-(1), d-(iv) (b) a-(iii), b-(ii), c-(iv), d-(1) 
(с) a-(iv), b-(ii), c-(iii), d-(i) aT, b-(1), c-(iii), d-(iv) 
2. Match the correct stretching frequencies of the following bonds: 


Bond | Frequency (ст!) 
DEEN 30-1700 
(йс Саа TROU 
OC- o 72200 


(a) а-(11), b-(1), (c)-(ii1) (b) a-(ii1), (b)-(ii), (c)-) 

(c) a-(11), (b)-(1), (c)-(i1) (d) None of these 

Correct match ofthe compounds is column (P) with the IR stretching frequencies (cm !) in column Q 
is 
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DPP-(2) / IR Spectroscopy 


3629 and 3550 cm ! 
3548 and 1709 cm! 


Ш СО,Ме (с) | 3535 апа 1733 cm! 
OH 
IV| соме (d) | 3641 cm” 
"ж 
HO 


(a) I-(d), П-(а), III-(b), IV-(c) (b) (d), IT-(b), Ш-(а), IV-(c) 
(c) I-(c), П-(а), III-(b), IV-(d) (d) I-(a), II-(b), III-(c), IV-(d) 
Which out of the compounds (Land П) is expected to show a lower C = О stretching frequency? 


О О 
OCH; М | 
(I) 


Фа C 


(a) I (b) II 
(c) Both having equal C = O stretching frequency (d) Can't predict 
Arrange the frequency shift of the carbonyl absorption in the aldehydes (1-Ш) 
CH. 20 H 
ЗМ С 


Sce H sere 
H 


(I) (1) (Ш) 
(a) Ш>П>1 (b) L7 IIL7 II (c) 1> IL III (d) II» III» I 
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DPP-(2) / IR Spectroscopy 


6. What is the carbonyl stretching frequency of the product obtained from the following reaction? 
O m-CPBA 
‹ | )—4 CHCl, ^ 
CH,CH, 
Propiophenone 
(A conjugated ketone) 

(а) 1750 cm"! (b) 1695 cm! (с) 1720 cm"! (d) 1800 cm"! 
7. Predict the main absorption bonds in anilline. 

(а) 3450, 3350, 3200 cm"! (b) 3600 cm™!, 3500 cm, 3400 ст! 

(с) 2120, 2200 2020 стт! (d) Can't predict 
8. The decreasing order of v, , stretching frequency of the following compounds. 

O О О О 
O г әт 
D (П) (Ш) (IV) 
А 
(V) 

(a) (V) > (IV) > (III) > (ID > (D) (b) (V) > (IV) > (IID > (1) > (ID 

(c) (V) > (Ш > (IV) > (ID > (D) (d) (V) > (ID > (Ш > (IV) > (D 
9. The increasing order of Vo-o stretching frequency of the following compounds 

O 
jl O 
O 
Guan 
O 
(1) (II) (III) 
(a) @ > (ID) > (Ш) (b) (D < dD < (III) 
(c) (II) > (D) > (Ш (d) (III) > (ID > (1) 
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10. 


11. 


12. 


DPP-(2) / IR Spectroscopy 


The increasing order of Vo-o stretching frequency of the following compounds 


О О 
9 NH 
N-H 
^v rf. 
(I) (II) (IIT) 


(а) (Ш) -(D«(üD — (b)(ID7(D2GID — ()(D7(ID-(ID — (d)() «(ID < 


Correct match ofthe compounds in column (P) with the IR stretching frequency in column (Q) is 


Column P 
1800 cm. 


1750 cm! 


1720 cm 


(a) I-(IV), IT-(111), Ш-(11), IV-(1) (b) I-(IV), П-(11), III- (111), IV-(1) 
(c) I-(IV), IV-(i11), HI-(11), IV-(1) (d) None of these 


On ozonolysis shows absorption band 


(a) 1735 (b) 1660 (c) 1800 (d) 1705 
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13. 


14. 


15. 


DPP-(2) / IR Spectroscopy 


On ozonolysis shows absorption bonds at 


(a) 1735, 1712 (b) 1650, 1600 (c) 1860, 1800 (d) None of these 

Consider the following statements given below: 

(а) A neat sample of methyl ethyl ketone absorbs at higher Vo-o stretching frequency than 10 percent 
solution ofthe ketone in methanol. 

(b) A neat sample of methyl ethyl ketone absorbs at lower V._, stretching frequency than 10 percent 
solution ofthe ketone in methanol. 


(d) We can'not compare stretching frequencies for these solutions. 


(d) None ofthese 
In acetophenone (I) and O-hydroxyacetophenone (II) which one would show higher frequency. 
(a) I (b) II — (c)Camtcompare (d) None of these 


XXXXX 
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DPP-2 IRSPECTROSCOPY 
ANSWER & SOLUTONS 


l. (a) 6. (а) 
2. (b) 7. Qu 
3. (а) 8. (а) 
4. (a) 9. (b) 
5. (с) 10. (a) 
1. (а) 


(а) 
(d) 
(a) 
(a) 
(a) 


DPP-(1) / Carbene 


Sol. The stretching frequency of a bond and therefore, its position in an infrared spectrum is related to two 
factors; the masses ofthe bonded atoms light atoms vibrate at higher frequencies than heavier ones - 
and the relative stiffness ofthe bond. Triple bond being stiffer, vibrate at higher frequencies than single 
bonds. The stretching frequencies of groups involving hydrogen, i.e. a light atoms such as С-Н, М-Н 
and O-H all occur at relative high frequencies. As expected, the triple bonds vibrate at higher frequencies 
than double bonds. Polarisation of a bond also adds to stiffness ofa bond, it is for this reason that -OH 
stretch occurs at higher frequency compared to C=H bonds. 


Correct option is (a) 
2. (b) 
Sol. Correct option is (b) 
3. (a) 

СН»ОН 
Sol. ~ 3641 cm! 
o H cm 
HO 


Do not undergo hydrogen bonding. 
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Sol. 


Sol. 


Sol. 


DPP-(2) / IR Spectroscopy 


О 
H^ "CH, 
а ~ 3269 and 3550 cm"! 
"A 
H 
a соме 
О ~ 3549 nad 1709 ст! 
H 
о=СОМе 
H ~ 3635 and 1735 cm! 
HO 
айй 
Correct option is (a) 4 
(а) 


The presence оЁр-ОМе group (а + М group) in (Т) assists the mesomeric shift to decrease the bond 
order of C=O bond leading to lower С=О stretching frequency. Ap-NO, (-M group) tends to oppose 
these trends and thus in (II) the C=O stretching frequency is higher than (1). 


„(ўе 59у е 
H4CO 
ra 
@ (II) 
Correct option is (a) 
(c) 
Cyclohexane carboxaldehyde (I) being saturated will absorb around 1730 cm!. In benzaldehyde (II) 


the absorption will be shifted to lower frequency (1700 cm!) due to conjugation. In salicylaldehyde 
(Ш), the internal hydrogen bonding causes a further large frequency shift to around 1666 cm. 


Correct option is (c) 
(a) 
O m-CPBA 
СНС ^ о, О 
CH4CH; Y 


CH;CH, 


Vo-o = 1750 ст! 
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Sol. 


Sol. 


Sol. 


10. 


Sol. 


DPP-(2) / IR Spectroscopy 
Correct option is (a) 


(a) 


NH, |—> 3430, 3350, 3200 cm! 


The —NH, stretching regions has three bonds ~ 3420, 3242 and 32117, two pronged band due to 
coupled vibrations for a primary amine, the third bond at 3221 cm! is the Fermi resonance band with 
the overtone of N—H bond. 


Correct option is (a) 
(a) 
О О 


О 
à O 
A 
s, 1702 сп! 1715 ст! gs em! 1780em-! 1850 cm! 
Increasing % S Character 
Bond angle decreases as we move form left to right so with in the ring 96S character decreases outside 
the ring %S character increases so Vo-o increases. 


Correct option is (a) 


(b) 


O 
O 
O 
O 
O Ag 
O 

1735cm! 1770cm! 1800 ст! 
(III) > (Ш > (T) decreasing order of v, 
(D) < dD) < (III) increasing order of v, 


Correct option is (b) 


(a) 


O O 
Si ot que 
N-H 


1670 ст! 1700cm! 1745 cm! 
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11. 


Sol. 


12. 


Sol. 


13. 


Sol. 


14. 


Sol. 


15. 


Sol. 


DPP-(2) / IR Spectroscopy 
(Ш) « (Т) < (ID) Increasing order of Vo-o stretching frequency. 


Correct option is (a) 


(a) 


1720cm! 1750cm!  1760cm'! 1800 стг! 


Correct option is (a) 
(d) 
1705 cm A 
Ozonolysis O 
£1705 cm! 
Correct option is (d) 


— 


(a) ! 
m —>» 1735 cm | 
——- 
Ozonolysis | 


1712 cm! 
Correct option is (a) 
(a) 
When a carbonyl group is involved in hydrogen bonding its C=O stretching frequency is lowered. As a 
result of intermolecular hydrogen bonding, a decrease in the absorption frequency of C=O is observed. 


A neat sample of methyl ethyl ketone absorbs at 1715 стг! whereas a 10 percent solution of the 
ketone in methanol absorbs at slightly lower frequency 1706 cm. 


Correct option is (a) 
(a) 
О О ae 
7 
» © 
O~ : CH; 
I II 
Acetophenone O-hydroxyacetophenone 


C=O Stretch 1685 cm! C=O Stretch 1634 ст! 
Intermolecular hydrogen bonding lowers the carbonyl stretching frequency by about 50 cm! . 
Correct option is (a) 

XXXXX 
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DPP-3 IRSPECTROSCOPY 


Which of the following statements regarding IR spectroscopy is correct? 
(a) IR radiation is higher in energy than UV radiation 

(b) IR spectra records the scattering of the radiation. 

(с) IR spectra gives information about the A, of the molecule. 

(d) IR radiation is higher in wavelength than UV radiation. 


O 
The number of fundamental modes of vibrations in given molecule are— | CH 4— c zu 


(a) 23 (b) 24 (c) 15 (d) 9 

Which ofthe following absorb IR табыша 

(a) Homonuclear diatomic molecule (b) Heteronuclear diatomic molecule 

(c) Both aand b (d) Diatomic molecule will not absorb IR 
The wave number correspond to the wavelength 2.5m is — 

(a) 14,000 cm! (b) 4,000 em" (с) 3,6000 cm! (d) 400 cm" 
The possible number of vibrational bonds for CO, is 

(a) 2 (b) 3 (c) 4 (d) 5 


According to Hook’s law which ofthe following linkages will have more force constant ? 


CH=CH, CH3 —CH3 CH= CH 


X » Z 
(a) X (b) Y 
(с) Z (d) It will be equal for all X, Y and Z 


Given below are the linkages of hydrogen with various heteroatom which of them will have more 
reduced mass ? 


C-H N-H O—H 
X Y Z 


(a) X (b) Y (c) Z (d) It will be equal for all X, Y and Z 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


2 


DPP-(3) / IR Spectroscopy 
How many vibrational modes are possible for CCI, ? 


(a) 0 (b) 6 (c) 10 (d) 9 
How many vibrational modes are possible for acetylene ? 
(a) 2 (b) 6 (c) 7 (d) 8 


To determine the stiffness ofthe bond ofa diatomic molecule in its excited state, one should analyse the 
molecule's 


(a) rotational spectrum (b) rotational-vibrational spectrum 
(c) vibrational spectrum (d) vibronic spectrum 

The vibrational degrees of freedom for E E ош , CO, and SO, are 

(a) 22, 3,4 (b) 21, 4, 3 (c) 22, 4,3 (d) 21, 3,4 
How many normal modes are possible for water molecule ? 

(a) 1 (b) 2 (c) 3 (d) 4 


A compound will be sensitive towards IR radiation only when one of the following properties undergo 
transition on 


(a) Polarizability РР а (6) Dielectric constant 

(c) Dipolemoment (d) refractivity 

Which of the following statement is incorrect ? 

(a) IR spectroscopy could be used to identify impurity. 

(b) IR spectroscopy could be used to monitor the progress of a chemical reaction. 

(c) IR spectroscopy could be used to differentiate between inter and intra molecular hydrogen bond- 
ing. 

(d) IR spectroscopy could be used to find out types of electronic excitation in the molecules. 

The dilution experiment in IR spectroscopy is used 

(a) to find out ketone (b) to find oftype of hydrogen bonding 

(c) to find ofresonance phenomenon. (d) to find out aromatic compound. 


When a fundamental vibration couples with an overtone or combination band, the coupled vibration is 
called ? 


(a) Differential band (b) Combination band 
(c) Dipole moment band (d) fermi resonance band 
XXXXX 
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ANSWER & SOLUTONS 
1. (d) 6. (с) 11. (b) 
2. (c) 7. (c) = 12. (е) 
3. (b) so aif 
4. (b) 9. (c) 14. (d) 
5. (c) 10. (©) 15. (b) 
16. (d) 
(d) 
(c) 


O 
CH,— ü pp non-linear 


For non-linear molecule 3N -6 23x 7 —6=15 
(b) 

Let Homonuclear diatomic molecule (H — H) 

No change indipole moment in H, So, IR inactive. 
Let Heteronuclear diatomic molecule (H — CI) 


— Change in dipole moment 


— IR active 
(b) 
4 
o оп! = 10000 _ 40000m” 
хет 2.5 
(с) 


For linear molecule = 3N - 5 


DPP-(1) / Carbene 
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Sol. 


Sol. 


10. 
11. 


Sol. 


12. 


Sol. 
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N23 
= 3(3) —5) =4 
(с) 
Force constant oc bond strength oc number of bonds-Z will have more force constant. 
(c) 
m,.m, 
HU m +m, 
For C —H | for N—H | for O— H 
_ 122 _ 142 _ 162 
Dee) шо | 36:03 
= eq =1.75 yp -1.77 
14 


We can say that uoc mass of atom as mass increase reduced mass is also increases. 


Hence, Z will have more reduced mass. 
Fai 


(d) 
For non-linear molecule number of vibrational modes = 3N—6 
N=5 
3x5-6=15-6=9 
(с) 
H-C=C-H 
No. of vibrational modes = 3N - 5 
N=4 
=3x4-5=7 
(с) 
(b) 

H Hee 

ETS H 
H ped 3N -6=3 x 9-6=27-6=21 

H Br 

CO, SO, 
3N-5z3x3-5z4 3N-6=3x3-6=3 
(с) 
Е 3N-6-3x3-6-3 
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13. 
14. 
15. 
16. 


(с) 
(d) 
(b) 
(d) 


XXXXX 
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Compound X having molecular formula C,H, „О exhibits absorption at 1700cm™ in the IR spectrum 
and forms an oxime. Compound X yields adipic acid on oxidation. The structure of the compound X is 
O O О 
(a) (b) on н о CL (d) у 
О 
2. Which ofthe following molecule will not absorb infrared radiation ? 
(a) CO (b) Cl, (c) CoCI, (d) CO, 
3. Which ofthe following molecules will have the highest zero point vibrational energy ? 
(a) CF, (b) CH, (c) CCI, (d) CBr, 
4. The number of vibrational degrees of. freedom in agaseous mixture of ^CL,O, "CIO, and ?CI"CIO is 
(a) 1 (b) 2 (c) 3 (d) 4 
5. Which among the following exhibits a carbonyl absorption band at 1770 cm ! ? 
O 
су o MAU „а 9 CN (d) А 
О 
6. Of the molecules CH, CO,, benzene and H,, the ones that will absorb infrared radiation are 
(a) CH,, CO,, benzene (b) CH,, Benzene and Н, 
(c) CO,, benzene and Н, (d) CH,, CO, and H, 
Ta Which one of the normal modes of ethylene is active in the infrared ? 
N к 
О О О Ри 
QA NT o d UN 
О О y i 
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11. 


12. 


13. 


14. 


14. 
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O O 
\ / 
O— 

© A \ (d) 

O O 

^w. M 

The vibrational stretching frequency of N, can be determined using 
(a) Infrared spectroscopy (b) Microwave spectroscopy 
(c) Raman spectroscopy (d) Rotational Raman spectroscopy 
The bond that gives the most intense band in the infrared spectrum for its stretching vibrations is 
(a) C-H (D N-H (c) O-H (d) S- H 
An examination of saturated hydrocarbons containing methyl group show assymetrical (V...) and sym- 
metrical (V.) stretching modes in the region of 
(a) 2960 and 2870 cm! (b) 3200 and 3100 cm" 
(c) 1800 and 1700 стт! (d) 1650 and 450 стя! 
The ozonolysis compound A gives compound B. The expected carbonyl stretching frequency of com- 


pound is: a 
fad d 
(A) 


(а) 1710 cm"! (b) 1740 cm” (c) 1680 cm"! (d) 1770 cm" 
Which ofthe following statement is true about carbonyl stretching frequency ? 
(a) Ester absorb at lower frequency than ketone 
(c) Ketone absorb at higher frequency than aldehyde 
(c) Amides absorb at higher frequency than anhydrides 
(d) Acid chlorides absorb at higher frequency than carboxylic acid. 
The increasing order of carbonyl frequency for given compound is 
O O O 
ре ee Ge m 
A B C 
(a) B«A«C (D A«B«C (c) C<B<A (d) C<A<B 
O O O 


J J Д 


H3C СН» < НС CF; < F3C CF; 

The frequency 3400-3200 cm indicates which of the functional group in IR spectroscopy ? 
(a) Alcohol (b) Ketone (c) Ester (d) Ether 

(a) 


XXXX 
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DPP- 4 IR SPECTROSCOPY 


ANSWER & SOLUTONS 
6. a 11. b 
Tu 12. d 
8. c i 13. b 
9. c 14. (a) 
10.a 


4 9 ая o Ө 
== — O O 
=~ HK No „Ж Mia O 74 
НО О " E 
———»— » О 
Ө 
к» О $ Kt ОК" 
r 
o 
Оң +MNO GS d OH ==] ОТКУН 
O, 
O Ө О © О 
O=Mn=0 * MnO, 
Оөк* 


Adipicacid 
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Sol. 


Sol. 


12. 


Sol. 


13. 


Sol. 


14. 


DPP-(4) / IR Spectroscopy 
b 
Molecule having dynamic dipole moment will absorb infrared radiation. 
CO having dipole moment it absorb infrared radiation. 
In Cl, dipole moment is absent so it will not absorb infrared radiation. 
CoCl, having dipole moment 
CO, — Dipole moment — absorb Infrared radiation. 


b 

с 

For non-linear molecule number of vibrational degree of freedom =3N — 6 
N=3 

=3x3-6=3 

a 


five member lactum shows absorption band at ~ 1770 cm”. 

a 

с 

asymmetric stretching is present in this modeof ethylene hence it is infrared active. 

c 

с 

Intensity of a band is directly proportional to the electronegativity difference between the atom. 
a 


Assymetrical stretching modes of vibration is higher in frequency than symmetrical stretching modes of 
vibration. 


b 

бр e 
Á 1740 cm! 

d 


Acid chlorides absorb at ~ 1800 cm"! 
Carboxylic acid absorb at ~ 1700 — 1730 cm”! 
So, acid chlorides absorb at higher frequency than carboxylic acid. 
b 
-I effect is directly proportional to stretching frequency 
Hence, Increasing order from the compound is 
O O O 


JI J Д 


H3C СН» < НС СЕ; < F3C CF; 
(a) 


XXXX 
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Correct order of carbonyl IR-stretching frequency for the following compounds is: 


СОСН» СОСН» COCH; 
oO vQ,” 
H3C CD; СТ» 
(a) Т>П>Ш (b) >>I (c) Ш>1> III (d) II» I» M 


An organic compound having molecular formula СН O, shows U.V. absorption of d... 228nm and 
IR absorptions at 1695 cm" and 1620 cm” , and it gives negative iodoform test. The structure of the 
compound is 


O 


g 
O O 


Ап organic compound a having molecular formula C,H N shows IR absorption at 3270 and 3012 ст 
1, It gives compound В on reaction with nitrous acid. The compound B shows a strong peak at 3430 
cm”. The structure of A and B is 


N 
N nn, , - (b) ES. i Ж 
(А) 


(а) 
(А) (В) (В) 

(с) ET | Ao: (d) Pos JF us 
(A) (B) (A) (B) 


The organic compound with molecular formula C,H,,O and shows no strong peak around 3200 - 
3400 cm but shows strongest peaks at 1700 ст! and some peakc are appear below 3000 


cm. Which of molecules is it most likely to be ? 


OH 
(a) CY (b) Мо М 
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Ck 
© мето UL 


Compare the stretching frequencies ofthe following compounds 


CH, CH, 
H,C=C=CH, A ET 
(0 (Ш) (Ш) 
(a) I< I< Ш (b) I» II? III (c) IL» I III (d) III 7 I 7 Ш 


Compare the stretching frequencies ofthe following endocyclic double bonds. 


(o0 


(1) (II) (Ш) 


(a) П> III» I (b) 1> п> Ш (c) 1> Ш> Ш (d) III» II» I 
Compare the stretching frequencies ofthe following endocyclic double bonds. 


(С) a ng" 


(a) I П> III- IV» V (b) I» V 7 IV » III» Il 
(c) I» II» V» IV » Ill (d) IL» I» V » IV >Ш 


Compare the stretching frequencies ofthe following alkenes. 
A R R x R 
I II Ш 


(a) Ш>1>П (b) >>I (c) П>Ш>1 (d) L» IL III 
Compare the stretching frequency ofthe following substituted alkenes. 
roa 
jt R I Ш 
(a) Ш>П>1 (b) I> IL» III (c) I» III» II (d) IL» I7 II 
Which ofthe correct order of increasing wave number of the stretching vibrations of 


(1) С-Н (alkane) (2) О-Н (alcohol) (3) C=O(ketone) (4) C=C (alkyne) 
(а) 4<3<2<1 (b 3«4«2«1 (с) 3«4«1«2 (d 4<3<1<2 
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11. 


12. 


13. 


14. 


DPP-(5) / IR Spectroscopy 
Which of the following frequency distinguishes aldehydes from ketones. 


(a) 2720 cm! (b) 1720 cm! (c) 3200 cm! (d) 1750 cm! 
Which is the correct sequence of wavenumbers associated with the stretching ofthe following bond? 
(a) C-I<C-Cl1<C=O<C=N (b) C-I<C-Cl>C=O<C=N 
(с) C- I» C-CI«C-O«CzN (d C-I<C-Cl>C=O>C=N 
In the IR spectrum carbonyl absorption band for the following compound appear at 

H 
ch 

O 

H 

(а) 1810 cm” (b) 1770 cm! (c) 1730 cm! (d) 1690 cm! 


Intense band generally observed for a carbonyl group in the IR spectrum is due to 
(a) The force constant of Eo bond is large 

(b) The force constant of CO bond is small 

(c) There is no change in dipole moment for CO bond stretching. 

(d) The dipole moment change due to the CO bond Stretching is large 


"А34 
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ANSWER & SOLUTONS 


l. (a) 6. (c) 11. (a) 
2. (0) 7. (d) ШЕЕ 12. (а) 
3. (©) w 13.(0) 
4. (d) 9. (b) 14. (d) 
5. (b) 10. (c) 

1. a 


Sol. +I/+Me effect (Electron Releasing Group) increases the single bond character in -C = О bond. Hence 
strength decreases because double bond is more stronger than single bond. 


Hence stretching frequency decreases. 
+I effect —CT, > — CD, > —CH, 
So decreasing order of IR-stretching frequency 
СОСН» СОСН» СОСН,» 


СН; CD; СТ» 


Sol. гм 
"S 


Vco =1695 cm” for ketone 


Vc-c 21620 cm” 
Base value for enone = 215 
p substituent = 12 = 227 nm 
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Sol. 


Sol. 


DPP-(5) / IR Spectroscopy 
С 


i amine gives IR absorption bands at 3270 and 3012 cm". So the structure of A is D—NH, 


T HNO,(Nitrousacid) 
>—NH, ^ Ho ~” О 


To ө ңә "s Tautomeri 
ы. Н z = Ут automerism 
r- NE| BNO R-N-N-O|* и E | 


are — © HO e 
R-N=N-on === R-N=NCOH, I— |&- NEN | 


у-н, 1. уон 
R-OH 2 H,O L 
Vo -n 23430 cm”! 


(d) = ж 


Ус-о —>1700 cm! 


—N Ф H-O 


Vc -o — 3000 cm? 


(b) 

External (exocyclic) double bonds give on increase in absorption frequency with decreasing ring size. 
Smaller rings required the use of more p character to make the C — C bonds form the requisite small 
angles (sp = 180°, sp? = 120°, sp? = 109°, sp? =< 109°). This remove p character from the sigma 
bond ofthe double bond but gives it more s character, thus strengthening and stiffening the double 
bond. The force constant k is then increased, and the absorption frequency increases. 


(c) 

(d) 

The absorption frequency of internal (endocyclic) double bonds in cyclic compounds is very sensitive 
to ring size. 

The absorption frequency decreases as the internal angle decreases. Until it reaches a minimum at 90? 
in cyclobutane. 


Frequency increases again for cyclopropene when the angle drops to 60?. This initially unexpected 
increase in frequency occurs because the C = C vibration in cyclopropene is strongly coupled to the 
attached C — C single bond vibration. When the attached C — C bonds are perpendicular to the C=C 
axis, as in cyclobutene, their vibrational mode is orthogonal to that ofthe C = C bond (1.е., on different 
axis) and does not couple. When the angle is greater than 90? (120? in the following example). The C 
-C single bond stretching vibration can be resolved into two components, one of which is coincident 
with the direction ofthe C = C stretch. In the diagram, components a and b of C — C stretching vector 
are shown. Since component a is in line with the C = C stretching vector, the C — C and C = C bonds 
are coupled, leading to a higher frequency of absorption. A similar pattern exists for cyclopropene, 


50, Mall Road, 1st Floor, Near GTB Nagar Metro Station Gate No. 3, Kingsway Camp, GTB Nagar, New Delhi-110009 | 5 


DPP-(5) / IR Spectroscopy 
which has an angle less than 90°. 


bord 
M 
Loe x. 


1650 ст! 1646 1611 1566 1656 


(ооб па 


8. 
Sol. к К R 

1656 cm! 1883cm! 1788 ст! 
9. 


(b) 
Sol. ag Cr а 


1679 cm ! 1650 ст! 1611 cm! 
10. (с) 
Sol. The stretching vibrations for С=Н and O — H bonds аге in ranges 2850 — 2960 cm ! and 3200 — 3600 
cm ! respectively, while those for C =O and C = С are about 1700 and 200 cm". 
11. (a) 
O О 
$о1 БАКШЫНЫ + 4 I 
R~C—H: Vc -u = 2720 cm R—C-—R 


Vc -u = (ie. 2720 стг!) is present only in aldehyde. 
12. (a) 
Sol. C =N —> 2240 cm” 

C = O 1700 cm” 


For C —I, С- СІ 
Mass a. L frequency 
13. b 


Sol. Cyclic ester are called lactone 
— Acyclic esters 1735 — 1750 cm" 
— Cyclic esters > 1735 cm”! 
14. (d) 
Sol.  Ifdipole moment is more intensity will be more. 


XXXX 
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To check that a secondary alcohol has been completely oxidised to ketone you can. 
(a) Check that the IR spectrum has absorption at 3500 cm"! and 1650 cm. 

(b) Check that the IR spectrum has no absorption around 3500 стг! 

(c) Check that the IR spectrum has no absorption around 1650 cm !. 

(d) Check that the IR spectrum no absorption at 3500 стг! and 1650 cm. 

Match the compounds (List I) with correct IR frequency of carbonyls stretching (list П) 


ListI List II 

О 
(А) Су ЗО) 1840 cm! 

О 
(В) O (ii) 1740 cm”! 

О 

(С) of (iii) 1770 стг! 
(a) A-(i), B-(ii), C-(iii) (b) A-(iii), B-(i), C-(ii) 
(c) A-(iii), B-(ii), C-(ii) (d) A-(ii), B-(i), C-(iii) 


Determine the structure of the compound C,H,O which shows the following absorption bond in IR 
spectrum. 

(1) 2950 cm! the compound give negative test with tollen’s reagent. 

(ii) 1720 cm"! 


н, È 


О 
Y T 
(a) CH,—C-H (b) CH;-C —C-CH, (c) CH4—C—CH, (d) None of these 
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4. The С-Н stretching vibration in chloroform occurs at 3000 cm. It hydrogen is replaced with deuterium 
then stretching frequency will 
(a) Remains same (b) Increases (c) Decreases (d) Can’t predict 
5, А compound with molecular formula C,H,O, shows bond at 1770 cm ! іп IR spectrum. The structure 
of the compound is: 
O 


(a) pud 


(o) CY 92 7 “з 


6. Which of the following compounds will possess the highest wavenumber? 
(a) Ethanoyl chloride (b) Methyl butanoate (c) Butanol (d) Acetic acid 
7. Correct match of the compound in column P with the IR stretching frequencies (cm !) in colums is 
column P Column О 
O 
(i) A (A) 1745 
O d 
(1) ( P (B) 1865 
О о. „О 
(ш) (С) 1770 


(a) iti-(B), (и)-(с), ()-(A) 
(с) (11)-(А), (11)-(c), (1)-B 


(b) (ait)-(©), (1)-(В), ()-(A) 
(d) (att)-(A), (11)-(В), (1)-(C) 


8. Compare the stretching frequency at the following compounds 


H 
(€ Усне, CH;zC-C-CH; 


OH Н OH 
I II 
(a) I5 П (b) II» I (c) I- II (d) Can't compare 
9. Compare the stretching frequency of the following aldehydes. 
] 0 0 
C-H C-H C-H 
Ome NO, 
II Ш 
(a) 1> IL Ш (b) IL» II» I (с) Ш>1> Ш (d) IL» III» I 
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10. Deduce the structure of an unknown compound with molecular formula C;H,O using information given 


11. 


12. 


13. 


14. 


15. 


DPP-(6) / IR Spectroscopy 


by its infrared spectrum. 
Intensity (peak): Frequency (стг!) : 3100, 2800, 1695, 1640, 1450, 1375. 
H 


О О 
(а) сү (b) OH. (c) p Ce 


Deduce the structure of an unknown compound with molecular formula C,H ,O using information 
given by its infrared spectrum. Intensity (peak): frequency (ст): 3100, 2900, 2800, 1710, 
1600, 1475, 1465, 1450, 1375. 


Z OH O О 
(а) (b) н © О (d) 


Which of the following statements accurately describes the molecular vibrations characteristic of IR 
spectroscopy? 

(a) Stretching frequencies appears mostly in the fingerprint region. 

(b) Triplebonds have lower stretching frequencies than corresponding, double bonds which in turn have 
lower frequencies than bonds. 

(c) Bonds to hydrogen have higher stretehing | frequencies than those to heavier atoms. 

(d) Stretching frequencies are lower than corresponding bonding frequencies. 

In the IR spectrum, the absorption bond due to carbonyl group in the phenyl acetate appears at 

(а) 1800 cm"! (b) 1760 cm! (c) 1710 ст! (d) 1660 cm! 

An organic compound gives IR absorption signals at 2210 and 1724 cm™!. The compound is 


O O. „Мн 
e OT M Y 
CN P x 


ФО 
О О 
Q^ CN 
(c) (d) 
NC ыр 
Match the following items of column I with the appropriate terms in column II. 
Column I Column II 
(P) Cyclohexanone I 1910 
(Q) Clyclopentanone II 1715 
(R) Cyclobutanone Ш 1813 
(S) Cyclopropanone IV 1650 
V 1780 
VI 1745 
(a) P-L Q-II, К-Ш, S-IV (b) P-II, Q-IV, К-У, 5-Ш 
(c) P-VI, О-У, R-IV, S-II (d) P-I, Q-V, R-IV, S-III 
XXXXX 
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ANSWER & SOLUTONS 


1. (b) 6. (a) 11. (b) 
2. (c) 7. (а) "=" 12-2. (c) 
3. (c) 8. (a) 13. (b) 
4. (с) 9. (с) 14. (с) 
5. (с) 10. (с) ІЖ) 
1. (b) 


OH a O 
T Rir? oxidise RI-C- R! 
H 


—OH group is completely converted into ketone. 
Hence IR spectrum has no absorption around 3500 cm"! 
Correct option is (b) 
2. (c) 
Sol As ring size of cyclic increases then %s character in -C—O bond increases. Hence force constant 


increases and (force constant) a. v 


So, stretching frequency increases 


96 s character Increases 
k Increases 
V Increases 
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Sol. 


Sol. 


Sol. 
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Correct option is (c) 
(с) 
(1) 2950 ст! С-Н stretching frequency 
(ii) 1720 ст! С=О (carbonyl group bond) 


(iii) —ve test with tollen’s reagent so it must not be an aldehyde 


O 
п 
The compound must be CH4—C—CH;. 
Correct option is (c) 
(c) 
— 1 [К 
v=— |— 
2nC Nu 
ze. 41 
У а —= 


where Н is replaced with deuterium thempeduced mass increases so, stretching frequency will decreases. 
Correct option is (c) 


1740cm! 1770 ет! 1880cm! 1830 ст! 


% s character increases force 
constant (k) increases V increases 


Correct option is (с) 
(a) 
T © 9 n 
R-C-Cl  R-C-OR R-C-H R-C-OH 
~ 1800 стг! ~ 1735 ет! ~1720cm! ~ 1710 cm! 


On moving right to left C-O bond strength increases 
so force constant increases and К a v so v increases. 


Correct option is (a) 
(a) 
OS о. „О 


NC ~ 1865 cm ! 
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O-C-R ~ 1800 em! 


T 

=C= 

О 

NS OR » R- c= R 

Vco Vc 

O 

So, Vco { О > Усо a Å 
Correct option is (a) 


8. (a) 


Sol. | Unsaturation on adjacent carbons ог a cyclic structure lowers the frequency of C—O absorption. 


H 
as CH, — CH,7C-C-CH, 
1 
Н он 


1070 cm ! 1060 cm! 
Correct option is (a) айй 
9. (с) 
du n T d c M 
d P d "y d i Л lv 
Ome ®Ome 
У а ГА 


Due to presence of -(P-Ome) group density in benzene ring increases and (С=О) double bond 
acquire single bond character so bond strength decreases. 


— force constant decreases and v, is directly proportional to force constant. 
Due to presence of -(P-NO,) group -С=О bond become more stronger so force constant increases 
and Veo increases. Veo Ш>1>П 
Correct option is (c) 
10. (с) 
Sol. Characteristic peak will be 1695 cm. 
Itis for conjugated alkene. 
Correct option is (c) 
11. (b) 
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Sol. Characteristic peak is 1710 стг. 
For aldehyde, Veo 21720 cm ' so it is a ketone 
Correct option is (b) 

12. (с) 

Sol. Let C-H, С-Н, C-Cl, CHI, C-G 


"0 
va—— 
Jı 
On increasing mass stretching frequency decreases. 
Correct option is (c) 


13. (b) 


I II Ш 
Sol 1720 ст! 1720 "m. -] effect increase due to presence 
` vco decreases because of —Ph group so Veo increases 
C=O acquire single Усо = 1765 cm! 
bond character 
Correct option is (b) 
14. (c) 
O 
Sol. 
Vco 1724 nan 
Correct option is (с) 
15. (6 


XXXXX 
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1. Which compound having molecular formula С.Н, shows the absorption at 1630 cm". 
(a) 2-Methyl-1-butene (b) Cyclopentane (c) Pentyne (d) Methylcyclobutane 
2. Arrange the following compounds in order their increasing wave number of absorption due to > C =O 


stretching in the following compounds. 


O O O 
| N-H N-H N-H 
P 


(A) (B) (C) 
(à A«C«B (C«Agiiftt вс (d) A«B«C 
3. The increasing order of carbonyl frequency for given compound is: 
О О О 
fl ri 
H4C-C-NH, N-H N-H N~y 
(A) (B) (C) (D) 
(a) A«B«C«D  (b)B<A<C<D (с) D<B<C<A (d)C<B<D<A 
4. Compound shows broad band at 3200 стт! in KBr pallet as well as in CHCI, solution, where as the 


its isomer shows this band at different frequencies in the two media (in pellet at 3330 
em and in CHCI, solution at 3520 cm. Which statement about compound A and B is correct? 


(a) A: p-nitrophenol and B : o-nitrophenol (b) A: o-nitrophenol and В : p-nitrophenol 

(с) A:m-nitrophenolandB:o-nitrophenol (d) A: p-nitrophenol and B : m-nitrophenol 
5. Consider the following statements for anhydrides 

(a) Anhydrides shows two strong bands for the C = O groups 

(b) Anhydrides show one strong band for C=O group 

(c) Both a and b (d) None ofthese 
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Correct match of the compounds in column-P with IR stretching frequencies (cm) in column О is 


Column P Column О 
O 
(I) (A) 2140 
\ 
Vo cae (B) 1705 
O 
(Ш) (Y (C) 1815 
O 
(IV) A (D) 1745 
(a) I-A, П-С, Ш-В, IV-D (b) I-B, II-A, III-D, IV-C 
(c) 1-С, H-D, II-B, IV-A (d) I-D, II-B, III-C, IV-A 
Among the following the compound that shows carbonyl stretching at highest wave numbers in IR 
spectroscopy 1s: A 
O O 
. "QC 
O O 
(c) | (d) к=н 


In IR spectra, the stretching frequency of the following carbonyl group of the following compounds is in 


order 
O 
(A) (B) (C) 
(a) B>A>C (b) A>C>B (c) B>C>A (d C>B>A 


In IR spectra, the stretching frequency of the following group of the following compounds is in order. 
O O O 
@ pM ^ s 

I II Ш 


(a) I» IL» III (b) IL» I Ш (c) l= II» III (d) Ш>П>1 
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10. 


11. 


12. 


13. 


DPP-(7) / IR Spectroscopy 


In IR spectra, the stretching frequency of the following carbonyl group of the following compound is in 
order 


O O O O O 
ean iP PAS R p RUE 
I II Ш ІУ 


(a 1>?П>Ш> УМ (6) 12 Ш> П> 17У (с) М> П> II^ V (d) None ofthese 


Arrange the following compounds in order of increasing wavelength of carbonyl absorption in their IR 
spectra. 


oe eee: 
O ^O O ^O O ^O 
(A) (B) (C) 

(a) A>C>B (b) C>B>A (c) B>A>C (d) A>B>C 


Match the following column P with appropriate terms in column Q 


Column P Column Q 

H "= 

(А) <y (i) 2240 
Ar! Р 

(В) 1 (ii) 1795 

CI 
© ү (ii) 1750 
(D) БО" (iv) 1725 

(у) 1965 

(a) A-G, B-(iv), C-(i), D-(v) (b) A-(iv), B-(v), C-(ii), D-(i) 
(c) A-(iii), B-(iv), C-(ii), D-(i) (d) A-(iv), B-(iii), C-(iv), D-(i) 


The IR stretching frequencies (cm) for the compound X are follows: 3300 — 3500 (S, br); 3000(m); 
2225 (s); 1680CS) 
O 


H 


CN OH 
The correct assignment of the absorption band is 


(а) Vom = 3300—3500; Vcn =3000; Vien) = 2225; Vico) 21680 


(b) Уон) = 3000; Ycm = 3300-3500; Vox = 2225; Vico) = 2225 
(с) Уон) = 3300—3500; У(сн) = 3000; Усх) = 1680; Vico) = 2225 
(d) Vion) = 3000; У‹сн) = 3300—3500; Vien) = 1680; Vico) = 1680 
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14. — The exact identity of the molecule could be predicted. 


15. 


DPP-(7) / IR Spectroscopy 


(a) By comparing finger print region of two molecules 

(b) By comparing functional group region of two molecules 
(c) By comparing aromatic region of two molecules 

(d) None of these 


Arrange the following compounds in order of increasing wavelength of carbonyl absorption in their IR 
spectra 


EK. O 
pe O О 
(В) (С) 


(А) 
(a) B>A>C (b)A>C>B (c) B>C>A (d C>B>A 


XXXXX 
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DPP- 7 IR SPECTROSCOPY 
ANSWER & SOLUTONS 
1. (a) 6. (b) 11. (b) 
2. (d) 7. (c) = 12. (с) 
3. (b) 8. (a) ai 13. (a) 
4. (b) 9. (c) 14. (a) 
5. (a) 10. (b) 15. (c) 
1. (а) 


Н; 
Н; С=С C == СН» 
Sol. CH; 
2-methyl-1- butene 


e Cyclopentane 


Н H, 
С=С —C —C-C-H 
Pentyne 


uf 


Methylcyclobutane 


CH; 
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Sol. 


Sol. 


Sol. 


DPP-(7) / IR Spectroscopy 


—C = O force constant 
decreases 
V@ decreases 


Vo =C>B>A 


(b) 

(b) 

This questions based on dilution experiment. 

Dilution experiment is used to find out which type of hydrogen bonding is present. (i.e. Intramolecularor 
Intermolecular). 


If О - Н involve in H.B. the Vg -p = 3200 — 3200 


©, 
ОУ, 
ow Q 
2 

Sharp spectra will obtain at No change in Vo _ pit 
v 3600 стг! Means it involve means it involve in 
intermolecular hydrogen bonding intramolecular hydrogen bonding. 
(a) 

Th O | Ї О \ 

ДА ДА 

Assymetric stretch Symetric stretch 
Усо 1830-1800 стг! Vco 1775-1740 cnr! 


—3N-6-3x18-6-48 
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О 
Sol. = O ae A 


T: (c) 
Sol ^ v, Ester > Ketone > Amide 
8. (a) 
O 
9. (с 


p О О 
d oe TA m 


Sol. 
Vco1715 Vco1715 Veg 1695 
10. (Ы) 
H 
О О О o ^o 
m —- мр eH 
Vvo 1685 ® В шапа Endic В-Ві Ketons 
cm! 1640 
п. (b) 


Sol. Ol 
O 


-C-0 =C=0 
— double bond is changes into single bond so force constant decreases. Hence, Voo decreases in this 


case. 
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12. 


Sol. 


13. 


Sol. 


14. 
15. 


Sol. 


8 


(с) 


О О 
bo Veo = 2240 
Нн - 
ST Veo = 1750 
О 
(а) 
О 
Kx Vco 7 3000 
NC OH Veo = 3300 — 3500 
Усу = 2225 
Усо = 1680 
(a) 
(c) 


Vco ester > non-conjugated ketone > conjugate ketone 


XXXXX 
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DPP-8 IRSPECTROSCOPY 


Arrange the following compounds in order of increasing wavelength of carbonyl absorption in their IR 
spectra: 


O O O 
(A) oe (B) put (9) t. 
Cl 


(a)B>A>C (b)C>A>B (c)B>C>A (d)C>B>A 


Arrange the following compounds in order of increasing wavelength of carbonyl absorption in their IR 
spectra? 


МЕ 


(А) (В) (C) 
(a) B>A>C (b A>C>B (с) B>C>A (d)C>B>A 
The intermediate formed in curtius rearrangement shows absorption at: 
(a) 2270 (b) 1720 (c) 3600 (d) 1600 
The intermediate formed in wolf rearrangement shows absorption at 
(a) 2140 (b) 1720 (c) 3600 (d) 1600 


Complete the stretching frequency of the iiis compounds 


AK ОС 


(A) 
(a) A>B>C ЖОМ (c) C>B>A (d) C>A>B 
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10. 


12. 


13. 


DPP-(8) / IR Spectroscopy 
Which of the following compound will be show higher stretching frequency 


If i 
C= СН; OH C- СН; 
І П 
(a) I (b) II 
(c) Both we will have same frequency (d) None of these 


The IR spectrum ofan organic compound shows the following bonds: 
330 (w); 2920 (w); 2217 (s); 1607 (m); 1607 (m); 1508 (m); 817 (s) 
Whatis its structure 


© Cee © (а) None of these 


HC-—CH; 


Identify the structure of the compound C, H.O whose spectrum contains the following absorption bands: 
1680 (s), 1600 (К) 1580 (m), 1450 (m), 1430 (m), 1430 (s), 1360 (s), 1265 (s), 755 (s), 690 (s) cm~ 
1 


О OH 
Il Н ў i 
(a) CsHs-C-CH3 (b) C,H,-C —C-H (c) C,H,CH,CH,OH (d) CH SOH, 


For benzophenone IR stretching vibrations observe at 


(a) 1670 cm” (b) 1720 cm" (с) 1760 cm~ (d) 1800 ст! 

For vinyl propionat in CCI, IR stretching frequency observe at 

(a) 1765 cm"! (b) 1800 cm! (c) 1720 cm! (d) 1690 cm! 

For acetic anhydride IR stretching frequency observe at 

(а) 1720 cm! (b) 1760 cm! (c) 1810 cm! (d) 1680 cm" 

For symmetric stretching mode of vibration of acetic anhydride (Yeo ) IR stretching frequency observe 
at 

(а) 1720 cm! (b) 1760 cm"! (c) 1810 cm” (d) 1680 cm" 


For caprolactam (усо) IR stretching frequency observe at 


(а) 1720 cm! (b) 1690 cm! (c) 1670 cm! (d) 1800 cm"! 
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14. 


15. 


16. 


17. 


18. 


19. 


DPP-(8) / IR Spectroscopy 


For methyl acrylate (усо) IR stretching frequency observe at 


(а) 1735 cm! (b) 1760 cm"! (c) 1800 cm"! (d) 1715 cm! 

The distinguishing feature in IR spectrum between propionaldehyde and acetone is 

(a) weak — C — H stretching and out of plane bending in propionaldehyde. 

(b) keto group in acetone 

(c) Two methyl group in acetone 

(d) —CH, group in propionaldehyde 

A compound ‘X’ with molecular formula C,H,O exhibits a strong absorption band at 1730 


ст! in IR spectrum. On reduction is converted into ‘Y’ which shows a strong band at 3640 
cm”. The strong band in Y is due to 

(a) -C-C- (D.—C-O0-C- (с)-СН, (d) - OH 
“Compound A with formula C,H..N shows the following important bands in the IR spectra (а) 3423 
cm! (b) 3236 cm. Assign these bands to the important group in the compound A". 

(a) - CH, (b) — NH, (c) - CN (d =C=N- 
“Compound A with formula C,H.N shows the following important bands in the IR spectra (а) 3423 


cm! (b) 33261.” On treatment with nitrous acid the compound A is converted to B, which shows a 
strong band at 3430 cnr". Assign the absorption band for the group formed in the product 


(a) - О-Н (6) = С= М= (с) - СООН (d -N=N- 
Match the following pairs 


Group I (IR Detectors) Group II (Composition) 
(P) Thermocouple (i) Oxides of Mn, Co and Ni 
(Q) Pyroelectric detector (1) Bi— Sb 
(R) Golay cells (ш) Xenon 
(S) Thermistor (ту) Triglycine Sulphate 
(a) P - (iv), Q - (i, R - (ii), S - (i) (b) P - (1), Q - (iii), R - (ii), S - (1) 
(c) P - (ii), Q- (1), R - (iii), S - (ii) (d) P - (ii), Q - (iv), R - (ii), S - (1) 
XXXXX 
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Sol. 
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DPP- 8 IRSPECTROSCOPY 
ANSWER & SOLUTONS 

1. (b) 8. (a) 15.(a) 

2. (a) 9. (a) 16.(d) 

3. (a) 10.(2) аа" 17.(b) 

4. (a) 11.(e) 18.(a) 

5. (b) 12.(b) 19.(d) 

6. (a) 13.(c) 

7. (a) 14.(d) 

(b) 


When the chlorine is next to the carbonyl, non-bonded electrons on the oxygen atom are repelles, 
resulting in a stronger bond and a higher absorption frequency. Information ofthis kind can cab be used 
to establish a structure in ring systems. 


O O O 
А Dfa eem. 
Cl H 


Axial chlorine Equitorial chlorine ~ 1750 cm! 
~ 1725 cm! ~ 1750 cm! 
(а) 
О О О 
Vco { bh > A > { N-H 
(B) (A) (С) 
(a) 
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Sol. 


Sol. 


Sol. 


Sol. 


Sol. 
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Ө 
О D Heat > R-N=C=O 
A QE " 
e Intermediate in 
R N curtius rearrangement 


R-N=C=0 stretching in an isocyanate gives a broad, intense absorption near 2270 cm”. 


(a) 


Ketene R - C =C = О intermediate formed in wolf rearrangement. 
R-C=C=0 v = 2140 ст! 


(b) 
OH 
show intermolecular hydrogen 
bondig 
OH 
free - OH 


CH; = 


(ү. Intramolecular hydrogen bonding 
0-H 


Intermolecular H.B. is weaker than Intramolecular. 


(a) 


Free C=O due to presence of intramolecular 
H.B stretching frequency decreases. 


(a) 

The bond at 2970 cm is weak. Since alkyl groups give a strong band in this region, it may be con- 
cluded that such groups are absent or are very few in number. The band at 2217 cm" is for 
—CN group. The very strong band at 817 ст! may be ascribed to out of plane bending vibrations of 
two-ArH atoms and hence, the compound is a p-disubstituted benzene and the structure ofthe com- 


pound is wc Soo 
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Sol. 


Sol. 


10. 


Sol. 


11. 


Sol. 


12. 


Sol. 


13. 


Sol. 


(a) 
OH 
The IR spectral bands agree сен БЕЗ i 


DPP-(8) / IR Spectroscopy 


The monosubstituted benzene ring has the characteristic bands at 1600, 1450, 750 and 690 
cm. The characteristic bands for the aromatic ketone are at 1680 and 1275 cm“. 


(a) 
О 


Base value for С = О absorption is ~ 1720 ст! but shift in frequency due to benzene rings occurs. 


У со for benzophenonone ~ 1760 cm” 


(a) 
Vinyl propionate in ССІ, 
1 Qn 
CH;CH5;-C-O-C-CH, i 
H 
Base value for С = O absorption 1720 cm ' 
Vinyester(-O - C =C) shift +50 em ` 


~1770 cm! 
(с) 
D d Base value of C = О absorption 
Cs 5 Anhydride (О — COR) 
/ 
CH4—C 
NS 
No 
(b) 
O O O O 
Hu iit MON 
CH; 07 “сн, CH4 ^O^ “сн, 
Symmetric stretch Asymmetric stretch 
Усо 1760 enr! Vco ~ 1810 ст! 
(с) 
О 
N—H 


~ 1720 cm! 
+ 100 cm! 
~ 1820 cm! 
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14. 


Sol. 


15. 


Sol. 


16. 
17. 
18. 
19. 


(d) 
P 
CH,=C ж methylacyrlate 
H  o-cH, 

Vco ~ 1715 стг! 
(а) 
Weak — С – Н stretching and out of plane bending in propionaldehyde. 
(d) 
(b) 
(a) 
(d) 


XXXXX 
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